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Preface 
 
How do you start a green movement in a country where poverty and violence are the 
most common words in the newspapers? Why would people in Guatemala want to put a 
septic tank on their property knowing that their neighbors upstream will be dumping 
their sewage directly into the river? When will people finally have a stable enough life so 
they can stop worrying about the quantity of days they have left to live and start invest-
ing in the quality of life they can enjoy?  
    
Should I be satisfied with these seemingly rhetorical questions and accept my country’s 
fate as the inevitable outcome of a post-colonial, developing nation? Is the negativism 
that is embedded in much of my culture an attitude that I should accept by default?  Is 
there any way I could alter the course of my country’s environmental and moral destiny?  
 
Becoming involved in Guatemala’s emerging green movement and introducing pilot pro-
jects that attempt to attenuate certain environmental impacts could be the most effective 
way to begin a journey that awaits me in the conservation and regeneration of my coun-
try’s resources. Although my generation was born into a heavily exploited and polluted 
world, the attitude that we need to adopt was very well put by German landscape archi-
tect Herman Prigan who said, "destroyed landscapes are activity fields available for crea-
tive  remodeling."  Our  goal  therefore,  should  be  to  take  Guatemala’s  destroyed  land-
scapes and manifest in them our desire to have an ecologically balanced world for the 
generations to come! 
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Abstract 
 
  The most polluted lake in Central America is Amatitlan Lake. The lake receives its 
effluents from a largely urbanized watershed that extends 381 Km2. With more than half 
of Guatemala City situated within the lake’s watershed, polluted runoff and sewage con-
stantly get deposited into the lake, turning it into a dead, eutrophic body of water with 
such high contamination ratings that it is comparable to a sewage tank. The city is com-
prised of dense development, informal settlements, sprawling communities, agricultural 
farms, and 30% of the country’s total industry. Most people living on in this watershed 
don’t imagine that the untreated domestic waste that they dump into the river is partly to 
blame for the catastrophic degradation of Lake Amatitlan. The thick green microcystin 
bacteria that thrives in the lake consumes the phosphorus and nitrogen-rich domestic 
sewage, reducing its photic zone from an original 10 meters of depth to just 1 meter. The 
banks of the deforested gullies throughout the watershed are being eroded away by tor-
rential rivers throughout the watershed, which then carry enormous sediment loads into 
the lake, lowering its depth of at an alarming rate.  
  This research characterizes the watershed of the lake, looks at the contaminants 
and issues affecting it, evaluates remediation strategies currently being used and sug-
gests alternative strategies based on ecological restoration design. These new strategies 
inspired by case studies of effective modern practices for filtration, remediation, man-
agement and environmental education. These contemporary practices will help inform 
how to apply specific strategies that will address the causes of pollution at its source. Ad-
ditionally,  the  design  of  a  reconstructed  wetland  near  the  lake  will  demonstrate  how 
natural processes can be used to filter polluted effluents and provide habitat for under-
represented fauna and flora. This proposed wetland will become a park that provides an 
educational and aesthetically pleasing environment where people can enjoy nature and 
take part in an emerging green movement in Guatemala. 
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Introduction 
 
 
 
 
 
“Guatemala has the highest child mortality rate of the Central American countries, ow-
ing in large part to water contamination.” 
 
Figure 1: Lake Amatitlan sunset looking with Volcan de Agua on background. Photo: I Maria Calderon 
Quote:  Water Resource Assessment of Guatemala, US Army Corps of Engineers, 2000 
 
  Our  generation  has  inherited  irreversibly  impacted  landscapes  and  drastically 
altered ecological systems. It is up to us to decide whether we want to continue support-
ing  these  destructive  habits  of  irresponsible  consumption  and  mismanagement  or  to 
adopt green development strategies that will help us regenerate self-sustaining systems. 
This thesis probes strategies that promote a symbiotic relationship between human de-
velopment  and  ecological  regeneration  and  management  practices  that  support  resil-
ience. Our duty as young adults in this era is to shift the paradigm that our ancestors 
have set from being exploiters of nature’s assets to being conscious consumers who re-
turn to the landscape the resources we borrowed and restore its original function as an 
ecological system. 
   Lake Amatitlan is a relatively small lake in Central America whose fate has re-
ceived a lot of attention from government and private entities interested in experiment-
ing with pilot projects that help attenuate human impact on the lake. Its strategic loca-
tion  close to Guatemala City has allowed a government  organization, AMSA, to  build 
several remediation projects that will serve as models for the management of other lakes 
throughout Central America and even the world.  Water contamination has always been 
an important topic in developing countries like Guatemala, but very few times does one 
see a real movement against contaminated water such as the one being led by this orga-
nization. However, AMSA’s “end of pipe solutions” have been addressing issues at the 
end of the river and within the lake, rather than focusing on the significant causes and 
sources of problems. Additionally, recognition of AMSA’s efforts is lacking. People con-
tinue using water irresponsibly, and legislation has not been enforced. This movement 
needs to be adopted by every person living on the watershed, and one way to achieve this 
is by engaging them with a landscape that promotes ecologically responsible water man-
agement strategies.   
   8 
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1.1  Geology - a resurgent caldera 
 
 
Figure 2:  Infrared Aereospatial image shows urbanization in lavevnder color which can be differentiated from the rest of 
the Guatemlan highlands. Lake Amatitlan should not to be confused with Lake Atitlan, 65 kilometers west. Image: AMSA 
 
The  highlands of Guatemala form part  of an 
active  volcanic  range  that  borders  the  entire 
pacific  coast  of  Central  America  (figure  3). 
This  volcanic  chain  stretching  across  five 
countries  lies  on  the  continental  side  of  a 
convergent  plate  boundary  which  trends 
north-west  (Wunderman,  1984).  One 
particularity of this Central American range is 
that  it  has  sequential  bodies  of  water  that 
formed  sag  ponds  when  depressions  within 
the mountain range became filled with water.   One of these depressions lies about 10 km 
south of Guatemala City, and was originally a 14x16 km caldera that succumbed and cre-
ated a depression which then became a lake. This caldera was formed at the intersection 
of two faults, the Jalpatagua Fault Zone and the Palin Shear, which cross each other per-
pendicularly and together produced a mass of lava that still remains underneath the sur-
face. This underground volcanic activity becomes expressed in the surface as natural hot 
springs that many lakeshore dwellers pump from wells to enjoy in exceptionally in hot 
pools.    10 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
Figure 3:  Segments of the middle 
American Arc trending north west 
with perpendicular lines showing 
transverse breaks in the arc. Let-
ter A shows the location of Lake 
Amatitlan, and 4 shows Volcan de 
Agua.  
Figure: Wunderman, 1984 
 
Figure  5:  Cross  section  showing 
Lake Amatitlan and Pacaya Volcano 
taken  at  the  location  marked  in 
orange in the former image. Numer-
ous  faults  that  can  be  seen  angled 
towards  lake  Amatitlan  stress  the 
existence  of  constant  subsurface 
activity.  
Figure: Wunderman, 1984 
 
Figure  4:    The  Jalpatagua  Fault 
Zone  intersects  the  Palin  Shear, 
forming  the  Amatitlan  Cauldron, 
which covers an area of about 14x16 
km  and  includes  the  three  towns: 
Amatitlan,  Villa  Canales  and  Villa 
Nueva. The Caludron is bordered on 
the  west  side  by  the  Mixco  normal 
fault  and  on  the  East  by  the  Santa 
Catarina  Pinula  normal  fault.  Be-
tween these two faults lies the Gua-
temala  City  basin,  which  today  is 
inhabited by two million people. The 
circles  drawn  throughout  the  map 
show the location of seismic epicen-
ters in the year 1976.  
Figure  modified  after  Wunderman, 
1984,  and  Harlow  &  White,  1980, 
Electroconsult inde, 1991 
   11 
  It is speculated that the pressure from the lava caused this caldera to explode a 
couple of times millennia ago, creating a crater that is now known as Lake Amatitlan. 
Over time, this lake has been filling up with alluvial soils transported through Rio Vil-
lalobos, creating the scene of a spectacular green valley bordered by an unusually large 
longitudinal  graben,  or  elongated  lake  that  stretches  north-west  to  south-east,  sur-
rounded by volcanoes and mountains. The two closest volcanoes to the lake are Pacaya, 
which is active, and Agua, which is inactive (figure 5).  According to Wunderman, who in 
’82 wrote a thesis for MIT about this caldera, “the cauldron is active and will probably 
erupt again (…) over 1 million people live within 20 km and would be threatened in the 
event of a moderate eruption.” (Wunderman, 1982). He presents valuable evidence prov-
ing that the lake is a resurgent caldera; for example “the ongoing hot springs and fuma-
rolic activity that exists in various places in and around the lake; the area, being a de-
pression  surrounded  by  volcanoes,  domes  and  concentric  normal  faults  is  the  typical 
morphology of a caldera, and finally, the region is covered by layers of silicic pyroclastics 
and domes that would have erupted from the caldera.”  As interesting as it may be, this 
evidence is unfortunate for people living in the towns that lie within the margins of the 
caldera, such as Amatitlan, Villa Nueva and Villa Canales, the latter two having been the 
locations of a bulk of earthquake epicenters (figure 4), especially in 1976 when one of the 
largest  seismic  events  recorded  in  Guatemalan  history  occurred.  This  area  along  the 
Jatagalpa Fault zone that crosses the lake  Amatitlan Cauldron has  been designated  a 
common epicenter for many of this region’s earthquakes and tremors (White and Harlow 
1979, 1980). 
  Additionally, there are several local hazards that can and have put the village in 
danger, due to the small pyroclasic flows, rockfalls, landslides, lava flows, mass subsi-
dence and directed blasts that can arise both from the caldera and the dome extrusions, 
such as the Pacaya volcano and the steep hills that surround the lake (Wunderman 1986, 
pg. 125). Being only 28 kilometers away, Guatemala City is far enough from the Amatit-
lan caldera to avoid some of its seismic consequences, but in truth, it would still be in 
peril were there to occur another mass eruption from within the caldera.   
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Figure 7: White soils labeled Qal show 
the deposition of alluvial sediments all 
throughout  the  eastern  sector  of  the 
lake.   
Map  provided  by  AMSA:  “Study  of 
erosion and transport of sediments in 
the  sub-watershed  of    the  Villalobos 
River” 
Figure  6:  Hurricane  Mitch  in  1996 
flooding  the  mouth  of  the  river  with 
Willough  trees  marking  the  edges  of 
the original flow of the river.  
Photo credit: Ines Ayau 
 
1.2 Cyclical catastrophes  - 1976 seismic event, & Hurricane Mitch 
 
 
 
Lake Amatitlan has been through 
two  recent  natural  catastrophes 
that  have  altered  its  shape.  In 
1976, Guatemala suffered a major 
earthquake with its epicenter just 
north  of  the  lake,  causing  the 
mouth of the river to change posi-
tion  and  move  south.  The  entire 
lake  was  also  affected  in  1998, 
when  Hurricane  Mitch  brought 
torrents  of  rain  that  naturally 
would have been handled well by 
the  lake’s  wetlands  and  forest 
buffers,  but  because  the  lake’s  hydroelectic  dam  was  not  appropriately  managed,  the 
lake’s water raised more than one meter, causing serious damage to houses around the 
lake and also altering the course of the Villalobos river. Additionally, there was a signifi-
cant deposit of sediments during this hurricane. Because the alluvial sediments cover a 
radius of about three kilometers in the entire eastern side of the lake, it is very probable 
that the river has shifted its course across a the landscape, probably due to events of na-
ture similar to the two previously mentioned. This area is now very fertile and is being 
used  by  farmers  to  grow  legumes,  ornamental  plants,  corn,  gourds,  cattle,  and  other 
products.   13 
1.3 Dendritic gullies – Landscape description and natural zoning 
 
 
When  looking  at  the  intri-
cately  carved  watershed  of 
Lake  Amatitlan,  one  cannot 
help but to think of a group of 
erratic  dendritic  fingers  that 
stretch out on a flat plane, dig-
ging  deep  trenches  that 
imbibe  half  the  runoff  from 
Guatemala City into the Lake. 
These  dendritic  gullies  have 
been formed by the hydrologi-
cal and geological events that 
are recurrent throughout Guatemala’s highlands. Numerous faults slice the Guatemala 
City valley into long segments that welcome water into their deep trenches and allow it to 
soften its rough and unstable edges. These gullies act as natural drains that prevent the 
flooding and eroding of the hovering plateau, and have helped create a resilient land-
scape that became the largest city in Central America.  The dendrites however, have be-
come  very  vulnerable  slopes  that  routinely  erode  during  every  major  rain  event  or 
tremor, especially now that the dense forests that used to fasten the soil to the banks 
have slowly been destroyed by fires, trash dumping and informal settlements. 
 
Figure 8:  Map of 1936 (Cornell Map 
library) showing how city development 
naturally  stopped  at  the  steep  gullies 
that imbibe the terrain. Today the city 
goes  over  many  of  these  formations 
with informal settlements beginning to 
inhbabit  these  interstitial  spaces  that 
seem to be “unoccupied”.  
 
 
Figure 9:  Dendritic Gullies divide the 
city  into  fragments  connected  by 
bridges and narrow ledges. These gul-
lies collect the runoff and waste waters 
from Guatemala City. 
Image: Google earth  
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Figure 10: false color satellite image shows Guatemala city in Aqua and the rest in red.  
Photo courtesy of AMSA. 
 
In 1988 people built their homes in the areas zoned for construction, which were located 
on the flat valley areas away from the gullies. As the years went by the urban layer began 
to spread, and the different suburbs on the watershed began to merge with one another. 
Informal settlements also began to populate the precarious slopes of the gullies and ar-
eas that prohibited construction. The impermeabilization of surfaces and the rapid popu-
lation increase caused runoff in the gullies to flow much faster, carrying increased sedi-
ments and human waste. This development posed a serious threat to Lake Amatitlan.   
 
1.3 The Lake Amatitlan Watershed 
   
  The  small  Central  American  country 
of Guatemala has an area of 108,890 square 
kilometers, roughly ¾ the size of the state 
of New York. INSIVUMEH, or the National 
Insitute  for  Seismology  Vulcanology  Mete-
orology  and  Hydrology,  has  divided    into 
three drainage basins: the Pacific Ocean Ba-
sin, the Caribbean Sea basin, and the Gulf of 
Mexico basin. These 3 principal basins can 
be further divided into 34 lesser basins that 
capture the significant streams of the coun-
try. One of these basins is the Lake Amatit-
1988  1998 
Figure 11: Hydrologic Atlas of Guatemala. Arrows show 
the direction of the flow of the three principal basins. 
The square marks the location of the Amatitlan water-
shed. Image: INSIVUMEH 
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lan watershed, which obtains its water from Rio Villalobos and drains through Rio Negro 
towards the Pacific Ocean Basin (INSIVUMEH). Villalobos River is fed by 14 other tribu-
taries which collect about half of the runoff from Guatemala City, beginning at the head-
waters located 1,602 meters above mean sea level. This runoff then travels about 28 km 
south through rivers which then drain into Lake Amatitlan a 15km2 body of water laying 
1,186 meters above sea level. The other half of the city laying north of the Pan American 
Highway that cuts through the city, drains into the Caribbean Sea Basin. Currently, the 
city holds about 20 percent of the country’s population, and about 3,681,309 people live 
in an area  of 692  km² (World Gazetteer, 2010). A bit more than half  of this densely 
populated city lies on a watershed with an area of 381 km² that drains its runoff into lake 
Amatitlan, which lies around 20km south of Guatemala City (Army Corps of Engineers, 
2000). Despite its proximity, the city dwellers do not make much use of this lake and 
many have not had the opportunity see it (Appendix).  
  There is barely any mention of using this lake as a reservoir for the thirsting city of 
Guatemala, where according to the US Army Corps of Engineers, “the scarce surface wa-
ter resources of Guatemala City cannot support the requirements of its population. Con-
sequently,  ground  water  resources  are  required  to  supplement  the  needs  of  the  city. 
However,  many  shallow  aquifers  are  contaminated” (US  Army  Corps  of  Engineering, 
2000 pg.3). EMPAGUA, a government agency created in 1972 is currently in charge of 
supplying water to 60 percent of the capital’s population, with 70 percent of the water 
obtained from surface runoff and 30 percent from groundwater. Although water is abun-
dant in Guatemala has an abundance of water, it has been poorly managed, and there 
has been no real plan developed for potentially using the lake as a reservoir for Guate-
mala City. Furthermore, people don’t understand their own proximity and position with 
respect  to  the  lake,  and  they  do  not  realize  that  their  actions  have  been  affecting  its 
health. 
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Figure 12:  Complete 
depiction  of  the  wa-
tershed  of  Lake 
Amatitlan,  with  the 
lake  colored  black. 
Dashed  black  lines 
show  the  limits  of 
water that eventually 
ends  up  in  Lake 
Amatitlan.  Colors on 
the watershed depict 
areas  covered  by 
agriculture and open 
space  in  orange, 
urban  development 
in yellow and forests 
in green.      17 
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The  watershed  of  Lake 
Amatitlan  encompasses  
381km2  with half of Gua-
temala  City  lying  within 
its  boundaries.  There  are 
fourteen  tributaries  iden-
tified here that collect the 
water from the entire city, 
merge  at  Rio  Villalobos 
and  then  deposit  their 
waters  into  Lake  Amatit-
lan.    Although  there  are 
sewage  treatment  and 
water  quality  laws  for 
domestic  and  industrial 
waste,  these  laws  are  not 
specified  nor  are  they 
being enforced.  Map by I 
Maria Calderon 
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1.5 Hydrologic Regime1 - Precipitation, Runoff and infiltration 
 
  According  to  the  U.S.A.  Environmental  Protection  Agency,  Lake  Amatitlan  has 
been labeled a monomictic lake because it is relatively deep (about 18 meters average), 
does not freeze over during the winter months, and undergoes a single stratification and 
mixing cycle during the year (USEPA, 2009). The lake has a volume of 270,000,000 m3, 
a surface area of 15 km2 , an average depth of 18m, with the deepest segment being 32m  
(Figueroa, 2005). Although this lake originally  was oligotrophic, meaning that it con-
tained highly oxygenated water, little plant life and many fish, its conditions are now 
completely reversed, consisting of a eutrophic lake with excessive algal bloom, few living 
organisms and murky waters. Although the lake should have a concentration of 1.7 mi-
crograms of chlorophyll per liter, it actually has 25.5 µg/L. As for the phosphorus levels, 
the ideal concentration should be of 8 µg/L, when in fact concentrations average 540 
µg/L (Guillen, 2010).  Every day, 437.5 million liters of residual water flow into the lake 
via the Villalobos River and its tributaries, which collect the runoff and effluents of half 
of Guatemala City. The Villa Lobos River has a discharge rate of 500 liters per second 
which collect residual waters from 14 municipalities and the southern part of the city. In 
the dry season, which occurs March through October, effluents tend to have higher loads 
of phosphorus and nitrogen in the dry season, with levels of nitrogen tetroxide varying 
from 165 mg/L in the most contaminated river, Rio Panasalic, and 5 mg/L in the least 
contaminated, Rio Chanquin (Figueroa, 2005).  
  Water  samples  taken  at  different  locations  throughout  the  lake  show  that  the 
Eastern section of the lake was significantly less polluted than the west, mainly because 
there is a better flow of water in the east, since both the influent and effluent sources are 
on that side. The west side on the other hand, is barred from cycling its water because of 
a man made  bridge that  connects the lake at the narrowest part  right in the middle, 
reducing the ability of about half of the lake to circulate its water. For this reason the 
Western  part  of  the  lake  suffers  from  excessive  microbial  bloom  and  eutrophication 
(Figueroa, 13)  
 
 
 
 
                                                 
1 The hydrologic regime is the “characteristic pattern of precipitation, runoff, infiltration, 
and evaporation” (Cornell Glossary of Terms, 2006).   20 
1.6 Tributaries & unstable banks – Erosion, influents and risk zones 
  Due to lack of zoning enforcements that would delineate buffer zones, flood sites, 
erodable soils and precarious slopes, people have developed their properties right at the 
edge of rivers without much restriction. People also invade government owned land and 
private land that seems abandoned, which consequently gives surveyors and code en-
forcers no time to prevent these people from encroaching on property that is not suitable 
for settlements. These types of invasions have taken place along supposedly uninhabit-
able places: railroad tracks, steep slopes, reserves, and other forms supposedly uninhab-
itable places. Development also occurs on land near the southern part of larger tributar-
ies where unstable alluvial soils spread up to .25km along each side of the rivers’ banks.  
  Original zoning patterns are based on the natural topography of Guatemala City 
and try to avoid the gullies that cover the watershed’s landscape. Although areas desig-
nated for more dense development are shown, the boundaries are extremely vague and a 
careful look at a google earth image reveals that people have inhabited the prohibited 
territories anyway.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13: This Zoning plan developed by AMSA shows 
the  population  density  allowed  in  different  zones 
throughout the watershed. It also zones the land nearby 
the  gullies  as  preservation  areas.  This  zoning  plan  is 
idealistic and unfortunately does not depict the reality 
of the informal development that has occurred on the 
gullies.  Image courtesy of AMSA 
 
Figure 13: High risk zones are marked dark green and 
forest reserves are marked in light green, while alluvial 
sediments are marked in red. The  white  shows areas 
that are fit for development. Image courtesy of AMSA   
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Halfway  through  the 
video,  a  policeman  is 
seen  walking  on  a  pre-
carious  piece  of  land 
hovering above the rush-
ing water, and suddenly, 
that  chunk  of  land  fell 
into the river, along with 
the  policeman  standing 
on it. 
Appendix 1.1 
Figure 14:  Risk Zones: The immense magnitude of dis-
charge on the river eroded away the foundation of peo-
ple’s homes whose houses were too close to the banks. 
Photo credits: AMSA   
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1.7 Pollution – How the watershed has affected the lake 
 
 
Figure 15:  The thick green microcystin bacteria has created eutrophic conditions covering the surface of the lake to such 
an extent that in some locations of the lake, the dissolved oxygen in water can vary from 16mg/L on the first meter and be 
as low as 2mg/L just a few meters below the surface (amount of oxygen needed to sustain life in fresh water is usually 
around 7mg/L).  
Photo credits: I Maria Calderon 
   
Human impacts on this watershed have had tremendous consequences in Lake Amatit-
lan and are the result of lack of regulations for black and gray water treatment, storm 
water infiltration and runoff limitations. As of 2000, “a comprehensive water law does 
not exist to control the use and abuse of the national waterways, and as a result, the riv-
ers are used for sewage disposal.” (US Army Corps of Engineering, 2000) According to 
the  Panamerican  Health  Organization,  only  25%  of  the  sewage  in  Guatemala  City  is 
treated, and the rest is disposed of into the tributaries of Rio Villalobos which then dis-
charges influents into the lake (OPS, 2000).  Amatitlan therefore has been converted 
into a completely eutrophic body of water that for the most part sustains one form of al-
gae. This sewage carries effluents infested with excessive nutrients such as nitrogen from 
human and organic waste, phosphorus from soaps and fertilizers, and chemicals from 
industrial waste. The nutrients have caused the proliferation of a micro algae known as 
microcystin, which has completely sequestered oxygen from all water depths below two 
meters from the lake’s surface (appendix 3.b). 
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These nutrients also caused a type of water lily called Nympha to reproduce to such an  
extent that as they conglomerated into vast islands, it seemed as if you could have walked 
on them. 
  Untreated industrial wastewater is also one of the main contributors to the pollu-
tion of this lake. For example, only a few years ago there was an old electric company on 
the lakeshore which would dump its oil directly into the water. It was not until 2006 that 
a new law (Decree 236-2006) was passed which sets maximum allowable limits to the 
amount  of  pollution  a  particular  industry  is  allowed  to  have  in  its  effluents  (Berger, 
2006). However, the problem with this decree is that it did not specify the approved pa-
rameters or contamination levels of the effluents depending on the size or type of the in-
dustries. Instead they made a very general and very vague law that has not succeeded in 
preventing industries from contributing to lake pollution. A textile factory upstream used 
basic solutions with a high pH in order to neutralize the acidic water that resulted from 
dyeing its textiles. The excessive bases would many times cause the lake to have higher 
pH levels than average, again causing an unbalance in the lake’s health (Appendix 4c). 
All of these problems have been recognized and dealt with to a degree by a government 
based, watershed management administration, whose achievements and limiting factors 
will be talked about in the following chapter.  
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Chapter II  
Government’s Strategies through the  
Authority for the Sustainable Management of Lake Amatitlan and its Watershed  
(AMSA) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As I visited the Authority for the Sustainable Management of Lake Amatitlan and its Wa-
tershed (AMSA), I quickly came to realize, that although they had very progressive goals 
for cleaning up the lake, many of  were not fully achieved because of lack of funding, and 
little collaboration from people living on the watershed. 
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2.1 AMSA – Purpose and organization 
  As the degradation of Lake  Amatitlan  became  more apparent, the government 
formed the Authority for the Sustainable Management of Lake Amatitlan and its Water-
shed (AMSA) in 1996. This organization took on some of the largest remediation projects 
in Central America, and claimed that some of its water filtration practices, like the biofil-
ters and the sedimentation pond were the largest of its kind in the world. Their responsi-
bilities at first focused on constantly removing trash, sediments and excessive Nympha 
bloom from the water, but by 2004 a new presidential administration was elected which 
broadened its focus by addressing the entire watershed and building large scale water 
treatment  projects  at  different  points  along  the  Villalobos  river  and  within  the  lake. 
AMSA’s ambitious projects have a potential to become guides for the management of fu-
ture  bodies  of  water  that  are  faced  by  a  similar  fate  in  Guatemala.  This  government 
agency has more than 150 employees, half of them being field workers and fulfilling the 
more administrative tasks. Some of the subdivisions within the administration include 
the Executive and Administrative, Solid waste management, Water waste management, 
Forestry, Urban planning and zoning, Lake rescue, Lake cleanup, Environmental quality, 
and Environmental education.   
 
2.2 AMSA in Context - Map of major projects administered by AMSA 
The following map shows the location of the following projects 
1.  Primary Treatment for the water treatment pond, more details in figure 19. 
2.  Secondary Treatment for aerobic and anaerobic filtration processes.  
3.  Tertiary Treatment using biofilters, also better described in figure 19. 
4.  Sedimentation pond at the mouth of the river. The pond traps some sediments 
coming from the Villa Lobos River.  
5.  Unsuccessful water treatment plant built by AMSA which had to be shut down. 
6.  Monastery that has been experimenting water filtration and slope stabilization 
with plant Chrysopogon Zizanioides. 
7.  AMSA headquarters 
8.  Only formal sanitary landfill in Guatemala along with lecheate treatment ponds 
that treat the highly contaminated runoff from the landfill. 
9.  AMSA office: division for lake clean up. 
10. Outflow of lake’s water into Rio Michatoya 
+  Oxygenators scattered throughout the lake. 
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figure 16: Map showing location of some projects led by AMSA in relation to the watershed and Lake Amatitlan  
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2.3Water Remediation projects – Treatment, Restoration & Education 
  
Over the past 14 years, AMSA has been working on water remediation projects, such as: 
1.  River Stabilization: 3KM Chanelization of Villa Lobos river, and bank stabilization with 
rocks on river edges 
2.  Filtration Ponds: Oxidation ponds, anaerobic ponds, & biofilters 
3.  Sedimentation Pond: Traps some of the sediments coming from the river. Was the largest 
of its kind in the world. Requires constant dredging. 
4.  Oxygenators: 23 machines throughout the lake that pump air into depths of lake, pow-
ered by electricity. 
5.  Bio Rafts: Buoys made of recycled bottles planted with aquatic Nymph which prevent 
solid waste from floating into the lake. 
 
 
       
      
 
One of AMSA’s filtration projects includes the water treatment ponds that divert water 
from the Villalobos river and put it though a system that helps filter the water before 
heading into the lake. In order to treat the heavily polluted 437.5 million daily liters of 
water discharge coming from the river, AMSA has built three macro-treatment plants 
within the watershed. Of these plants, only the largest one is currently operating, and has 
a tri-partite system of primary, secondary and tertiary treatment which is meant to treat 
different concentrations of pollutants in water.  
 
1  2  3 
4  5 
Figures 17: AMSA has been working on 
various  energy  intesinve  and  highly 
engineered water remediation projects.  
Image 1 & 2: Courtesy of AMSA.  
3, 4, & 5:  I Maria Calderon    28 
Tertiary treatment 
 
 
Figure 18:  Water treatment system “La Cerra” runs parallel to the river and starts about 4km upstream, filtering 1/3 of the 
river’s discharge through a series of anaerobic ponds, aerobic ponds, and biofilters. Water is returned to the river with 30-
50% less pollutants and then flows through an unvegetated channel all the way to “La Darcena”, a sedimentation pond 
that needs constant dredging and that only absorbs a portion of the sediments of all the sediments carried by the river.  
Image: Google Earth 
 
 
The  primary  treatment  involves 
channeling  the  river  and  putting  a 
small dam to control the effluents. It 
then  screens  trash  and  other  large 
solids from the water and pumps 30% 
of  the  river’s  discharge  18  meters  up 
towards an adjacent mountain ridge. 
 
In  the  secondary  treatment  process, 
water  gets  transported  to  two 
anaerobic  and  then  two  semi-
anaerobic  ponds  that  break  down  e-
coli  and  other  toxic  pollutants.  The 
water then  gets transferred to a final 
pond that is 100% aerobic and whose 
purpose  is  to  aerate  and  redirect  the 
water to the next system.  
 
Finally, the tertiary treatment involves 
a system of linear biofilters which add 
up  to  5  kilometers  in  length.  The 
trapezoidal  channels  are  currently 
planted with native species like Typha 
and Nympha, one of them being good 
for  removing  phosphorus  and  the 
other  nitrogen  (For  a  more  detailed 
description of how this system works, 
refer to Appendix 3d). 
 
 
 
Primary treatment 
Secondary treatment 
Figure 19: Google Earth 
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At the end of this system is a sedimentation pond that was 
meant to simulate a wastewater treatment plant but at a 
much  cheaper  cost  since  its  maintenance  only  involves 
periodical  dredging  rather  than  high  energy  water 
treatment. The entire sedimentation pond cost about 1.6 
million  dollars,  while  antional  water  treatment  plant 
would have cost around 3.6 million. However, only a small 
percentage  of  the  river’s  discharge  enters  the 
sedimentation  pond,  and  the  water  is  not  as  thoroughly 
filtered  as  it  would  be  after  coming  out  of  a  water 
treatment  facility.  The  discharge  that  does  not  flow  into 
the  pond  overflows  into  a  sector  of  the  lake  that  is 
surrounded  by  bio-rafts  which  help  form  a  barrier  that  barrier  that  prevents  solid  waste  from  floating  into  the 
lake.  
 
The following diagram attempts to clarify the sequence of 
the constructed ponds based on an explanation that was 
given by two engineers who are overlooking various water 
treatment  plants.    After  having  one  third  of  the  river’s 
discharge  pumped  into  the  filtration  system,  water  gets 
dumped once again into the river and then flows into the 
lake. The  effect of the  water depends  very  much  on the 
season, as in the winter, pollutants come so diluted and in 
such large quantities, that the plant practically shuts off. 
In the summer, on the other hand, effluents are extremely 
concentrated  and  the  water  has  a  low  dissolved  oxygen 
levels.  Again,  more  detailed  information  about  the  con-
taminant and oxygen levels can be found in the Appendix.  
Figure  21:  Natural  Alluvial  fan  at  the 
mouth of Rio Villalobos in 2005.  
Picture: I Maria Calderon 
 
Figure 20: Birds Eye view of Villalobos 
River  flowing  into  Lake  Amatitlan, 
with Agua and Pacaya Volcanoes in the 
background 
 
Figure 22: This  structure allows sedi-
ments  to  settle  within  the  pool.  The 
sediments  have  to  be  dredged  out 
regularly. 
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  Figure 23: Diagram of the River Water treatment plan built by AMSA. Diagram by I Maria Calderon   31 
  There was another project called El Frutal that was supposed to treat the same 
amount of water coming from Rio Villalobos. However, right before its completion, it 
had  to  be  closed  because  the  neighboring  development  began  complaining  about  the 
smells, for which they filed a claim against AMSA who was therefore forced to close the 
plant. Today the ponds remain unoccupied and have no water running through them.  
Currently, AMSA has also been trying to rehabilitate the existing wastewater treatment 
plants in condominiums. Their goal is to get the plants working and then hand them 
back to the housing development’s administration where it should be given maintenance. 
Unfortunately, not everyone to whom the responsible is handed down to for maintaining 
these water treatment plant are going to want to continue paying the long term mainte-
nance cost that such a facility requires. The lack of enforcement supporting the existing 
regulations for wasterwater contamination levels provides little motivation for individu-
als to want to clean up their waste.  
  Biologists, chemists, and aquaculturalitsts have been hired to monitor the health 
of the lake, many of them, although very enthusiastic, were disappointed with how their 
efforts would often be offset by the inability to address contaminats at the source. It is 
difficult to say with certainty whether these attenuation projects have actually managed 
to reduce the contamination of the lake, especially becase graphs of the Villalobos river 
showed a disencouraging increase in the chemical oxygen demands (the mass of oxygen 
consumed by bacteria per liter of solution) rasing from 40 mg/L bin 2005, to 98 mg/L in 
2007. This means that in 2007 there was more microcystin bacteria infesting the surface 
of the lake than in 2005. 
  AMSA also manages their own tree nurseries which they use for large scale refor-
estation projects. They try to incorporate schools and communities in the planting of the 
trees with the goal of increasing participation and a sense of responsibility. With this 
project they are hoping to reduce erosion and increase infiltration through the planting 
of  trees.  Additionally,  AMSA  planted  a  grass  called  Cynodon  species  or  African  Star 
throughout  the  banks  of  Rio  Villalobos,  which,  along  with  a  series  of  infiltration 
trenches, helped dissipate the amount of energy that the river discharges. Other projects 
the first and only well managed landfill in Guatemala, and an education program that 
teaches people about recycling and reducing their impact on the watershed.  
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Chapter III  
Green Infrastructure Strategies 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  The purpose of this chapter is to examine three cities that have developed a plan 
for introducing Green Infrastructure strategies  with the purpose of reducing the overall 
impact that urbanization has had on the watershed. Green Infrastructure is also known 
to provide ecosystem services that can create “healthy environments and physical and 
psychological health benefits to the people residing within them.” (Tzoulas, 174)  Chapter 
VI will then discuss how the selected strategies can be incorporated into Guatemala City 
and the Lake Amatitlan watershed.  
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Case Study I: Re-imagining a More Sustainable Cleveland 
 
Figure 24: Green Space System and existing vacant land: Under the plan "Re-imagining Cleveland" vacant lots that fulfill 
certain criteria will become part of a network of green space that will make Cleveland a model for other cities with similar 
conditions. 
 
  In 2008, Cleveland became the first city in the state of Ohio to develop a city wide 
plan  for  the  sustainable  redevelopment  of  its  vacant  lots  and  mismanaged  resources. 
This detailed plan became known as “Re-imagining a More Sustainable Cleveland”, and 
it proposed strategies, goals and principles with the hopes to provide a framework  of 
ideas that could be instilled in a city that has been drained of its livelihood, resources, 
population, youth and economic vitality due to the more recent suburban growth pat-
terns. The decline of Cleveland City is obvious, with its population being 914,808 in 1950 
and diving down to 438,042 in 2007. This vacancy is now a great opportunity for the 
city’s  planning  commission  to  reinvent  a  brand  new  city  that  incorporates  the  latest 
green technology and strategies for an improved management of utilities, storm water, 
habitat corridors, green jobs, and cohesive neighborhoods. Some of the specific sustain-  34 
able  strategies  they  are  hoping  to  adopt  will  first  be  tested  as  pilot  projects  that  are 
meant to “illustrate and test the principles, and to build capacity for the strategic man-
agement of vacant land throughout the city” (Re-imagining, 1).  There were three key de-
velopers  for  this  plan  including  Neighborhood  Progress,  the  Cleveland  City  Planning 
Commission,  and Kent State University’s Urban Design Collaborative. In addition there 
were 30 other organizations that partnered up with this plan and helped generate a se-
ries of goals, principles and strategies to help guide a city-wide pilot project that will very 
likely have a statewide effect on the way people envision sustainable development.  
  One main strategy that they propose is the expansion of parks and natural areas 
that  create  “linkages  between  green  space  amenities  within  the  city  and  region”  (re-
imagining, 6).  This would be done by selecting specific lots of vacant land that would 
become reserves for habitat expansion and integrations to the greening network of the 
city. These vacant lots that become part of this network could also be used for low main-
tenance  parks,  recreation,  reforestation,  and  stormwater  infiltration  and  detention. 
Other lots of vacant land would become productive landscapes that can be used for agri-
culture and energy generation.  
  Stormwater has become a major problem to the Northeast Ohio Regional Sewer 
District, where they constantly had to deal with combined sewer overflows and are eager 
to find alternative strategies that would help remediate the amount of runoff that gets 
directed to the sewage system so that the cost of treating these effluents would not be so 
great.  Such strategies try to imitate natural water cycling by replanting trees and native 
vegetation that intercepts and catches rainwater. 
  There are certain criteria that each vacant lot must fulfill in order to become part 
of this greening network, which includes determining whether the site is in a floodplain, 
or part of a riparian zone that can be revitalized, or has access to headwaters that can 
help  the  establishment  of  planted  trees.  Lots  with  culverted  streams  are  planned  for 
stream restoration, planted with buffers and outlined with a riparian setback of a few 
meters, a procedure otherwise known as the daylighting buried streams.   
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Figure 25: Design Concepts for vacant parcels throughout Cleveland.   36 
figure 26: Riparian System: This map shows the existing parks and green connections throughout the watershed and re-
veals the culverted creeks that are to be excavated and brought back to their natural conditions. Vacant lots falling within 
these riparian zones are likely to become part of networks of green space in Cleveland.  
 
  Rigorous mapping of the entire city was carried out in order to design a map that 
would  help  preserve  and  enhance  the  City's  existing  natural  resources  like  wetlands, 
soils, and vegetated areas. Former wetland areas are to be identified and restored with 
hydric soils, hydrophytic vegetation and original drainage patterns. If these riparian and 
hydrologic systems can be targeted throughout the watershed and especially in headwa-
ter systems (which are located in the upper portions of the watershed), then many of the 
negative impacts of urban development would be reduced and the overall quality of wa-
ter in lake Erie would be improved. In addition, all future development should follow 
low-impact design strategies and attempt to engineer sustainable landscapes using best 
management practices such as bioretention swales, rain gardens, naturalized meadows 
and successional landscape management strategies.   
  Two specific strategies are spoken of in this “Re-imagining” plan deal specifically 
with water and could be very applicable to Guatemala. These strategies are raingardens, 
and bioretention areas (figure 27 & 28). The plan also studied several watershed scenar-
ios by mapping them, describing its physical characteristics and determining how to ef-  37 
fectively increasing the ecological services that they provide. Finally, the plan provides 
very specific policy recommendations and incentives that would help bring this project to 
fruition.  One  very  interesting and  unique  strategy talked about in this plan was their 
"mow-to-own program" which would provide an incentive for people to mow and main-
tain vacant land adjacent to their homes, as a means to obtain ownership of this prop-
erty. This exceptional strategy seems quite familiar, as it resembles the Land Ordinance 
of 1787, except that this is happening in the middle of a city in the 21st century. Other 
green  infrastructure  strategies  include  zoning  for  a  Green  Overlay  District,  creating 
Cleveland's "Emerald Necklace" of parks and trails, promoting ecosystem preservation, 
establishing irrigation pricing strategies that would promote local food production, pro-
viding  close access to food  gardens,  collecting  rainwater, composting waste, using re-
newable energy, building pilot projects, remediating brownfield sites through phytore-
mediation and bioremediation,  catalyzing a  urban agriculture eco-industry and estab-
lishing native plant nurseries in vacant lots.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 27 Rain Garden - $ 8,470 / 8000sf 
 
Quoted from Re-imagining Cleveland: 
"Rain gardens are an effective way to manage 
stormwater run-off from rooftops. The back part 
of a vacant lot could be converted into a raingar-
den by directing downspouts from adjacent roofs 
into the garden. The front of the lot could be used 
for more active uses or as a garden with seating 
or as additional parking for the residents on the 
street." 
 
Figure 28 Bioretention – 
 $26,044 / 8000sf 
Quoted from Re-imagining Cleve-
land Plan: 
 
“Vacant sites near parking lots 
and other paved surfaces can be 
used to provide bio-retention 
areas for managing stormwater. 
Bioswales and rain gardens must 
be desimgned and engineered in 
response to the soil conditions 
and water volumes at a specific 
site.” 
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Case Study II: Onondaga Lake, Syracuse NY – From traditional linear man-
agement to green infrastructure management strategies 
 
  Recognized as one of the most polluted waterbodies in the United States, Lake 
Onondaga has been severely affected by last century’s industrial and urban development 
of the city of Syracuse, New York. This lake originally was a sacred location to the Native 
American Onondaga Nation, who have created a website to blatantly protest against the 
irreversible pollution that westerners brought upon this lake. Fortunately, their protests 
been heard, and some restoration has been taking place since 1999, when Congress cre-
ated the  Onondaga  Lake Management Conference (OLMC) which  was responsible for 
“the development… and comprehensive restoration, conservation  and management plan 
for Onondaga Lake that recommends priority corrective actions and compliance sched-
ules for the clean up of such lake” (Onondaga Lake, A plan for action, 1999). In Decem-
ber of 2009, a visionary Onondaga County Executive, Joanie Mahoney, partnered with 
the Department of Environmental Conservation to push an agreement that would "make 
Onondaga County a national leader in the use of new, cutting-edge "green" infrastructure 
approaches to combat longstanding environmental management problems." (NYSDEC, 
Nov. 19, 2009)  
  One  of  the  greatest  contributors  to  the  lake’s  pollution  was  the  Metropolitan 
Syracuse Wastewater Treatment Plant (METRO), constructed in 1979, which was meant 
to treat 120 million gallons per day (MGD) of  semi treated waste water  coming from 
Syracuse.  However, because only about 42% of the sewerlines are separated from storm-
lines, the METRO does not have enough capacity to treat all the wastewater and storm-
water (Green Infrastructure Survey, 2009). Additionally, there was one major industry, 
Allied Chemicals (which produced soda ash through the Solvay Process) that has been 
dumping  chemical wastes into the lake since the late 1800's. The industry dumped acres 
of "waste beds" on the water's edge, and the remains are still there today, introducing 
mercury, calcium and chlorine ions, all of which sky rocketed the lake's salinity, making 
it one of the most polluted and toxic lakes in the United States. Honeywell took over the 
abandoned Allied Chemicals factory and in 1999 became responsible for the pollution 
left behind, and has now had to invest $451 million to help clean up Onondaga Lake 
(www.onondagalake.org, 2006). 
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Figure 29: Map showing placement of 1.5 mile barrier wall along lakeshore marked in yellow dots which is 
meant to prevent underground seepage of contaminated groundwater.  
 
Since then, a collaboration has been made between the METRO, OLMC, the City's Advi-
sory  Committee,  Honeywell  and  the  Department  of  Environmental  Conservation.  An 
overarching dredging plan has been created as well as a plan to cap certain areas around 
the entire perimeter of the lake. In addition, other forms of remediation have been taking 
place. For example "in 2005, Honeywell stopped the flow of mercury from this site by 
installing  a  five-story  deep,  underground  cut-off  wall,  and  removing  more  than  eight 
tons  of  mercury  from  the  soil  through  a  new  technology  called  "soil  washing." 
(onondaga-lake-initiatives.com)  
  It was not until 2009 that a new green infrastructure plan was introduced, which 
has taken "The same money that would have been deployed to build three concentrated 
industrial structures and massive pipe storage systems” to use it “toward a mixed "green" 
and  "gray"  infrastructure  system  that  includes  installing  vegetated  inﬁltration  basins, 
roof  gardens,  tree  boxes,  cisterns  and  pocket  wetlands  known  as  "rain  gardens” 
(NYSDEC, Nov. 19, 2009).  
  The specific strategies to be used for this brand new plan are not yet available, 
but at least the most important step has been taken, which is to devise a green infrastruc-
ture plan where they will recognize Nature’s ability to understand how much work needs 
to be done was a collaboration with the DEC. 
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3.3 Rio Piedras Restoration Project – Puerto Rico 
 
Rio Piedras in Puerto Rico flows 12 
kilometers south to north through the city 
of San Juan, finishing its course at the 
San Juan Bay Estuary. This river has 
faced the same problem as countless 
other rivers affected by urbanization, 
where engineers choose to solve the 
flooding problem through the 
construction of  deep  concrete channels. 
An opportunity emerged for an 
alternative flood mitigation strategy in the 
Rio Piedras Botanical Garden, a 120 acre 
site adjacent to the river. This is when the 
landscape architecture firm Field 
Operations decided to use their 
knowledge in ecology and river hydrology 
to design a plan with two terraced land-
scapes that follow the contours of the 
river and change their programmatic 
elements depending on the season and 
the severity of the flooding event. They di-
vided the channel into two levels, with "a 
10x12 meter low-flow channel (which) will 
convey the average daily flow and takes care of the typical 2-10 year flood. The higher 
shelf is to be built solely for to absorb the 100 year flood, and prevents serious damage. 
The design is meant to emulate a riparian habitat that copes with the inevitable high 
flows that occur periodically and also attempts to trap some of the excess water to reduce 
large volumes of runoff. 
 
Figure 30: The restoration plan for the Rio Piedras in 
San Juan, Puerto Rico establishes a framework for 
healthy habitats, an opportunity to control flooding 
waters and an innovative plan for future education 
and research. Image: Topos Magazine   41 
 
 
  Plants for this plan were especially selected for their resilience in tolerating fast 
flows, slowing down flows, stabilizing steep slopes, and providing a beautiful aesthetic 
for visitors to the botanical gardens. Part of their proposal included a bike path that cir-
culated the entire botanical gardens and connected to the city, some recreation terraces, 
and some education stations.  The main goal of this project was to provide a venue for 
visitors to learn about green infrastructure strategies and sustainable projects for reduc-
ing our impact on the landscape. Such strategies included storm water collection basins, 
habitat islands, research wetlands, and a rip rap garden. 
 
 
 
 
 
 
Figure  31:  Map  showing 
riparian  restoration  of  a 
river  at  the  Rio  Piedras 
Botanical Gardens. 
Image: Topos Magazine  
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Chapter IV  
Constructed Wetlands and Educational Parks 
 
 
 
 
 
 
 
 
 
 
 
Very often, infrastructural projects are barred from the public because they are regarded 
ugly and unsafe. People therefore do not have an easy time grasping the concept behind 
filtration nor are they really interested in learning about it. A constructed wetland is a 
perfect way to integrate water treatment, habitat restoration and fun recreational parks. 
Additionally, adapting our development patterns to resemble the patterns of organisms 
that previously existed in a watershed can be rewarding both to humans and to organ-
isms, as we would both be benefiting from a myriad of ecosystem services that often get 
disregarded by linear, conventional thought. 
The following four case studies demonstrate are parks that help filter wastewater efflu-
ents and stormwater through constructed wetlands that are open to the public and em-
brace education, recreation, and ecological restoration. The last of these four case studies 
will be thoroughly discussed as it is the first to have sparked my interest in water filtra-
tion. For more information about the first three wetlands, refer to Robert L. France’s 
Wetland Design book.    43 
4.1 Wetland Design   Selected Case Studies and Strategies:  
Oregon Water Garden – Silverton, Oregon 
 
 
  
 
 
 
 
 
 
Arcata Wastewater Treatment Marsh and Wildlife Sanctuary. rcata, California 
 
      
 
 
 
 
 
 
 
 
 
 
Waterworks Garden – Renton, Washington 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Key Achievents: 
Retrofitted wastewater treatment 
Wildlife habitat 
Ecological restoration 
Key Achievents: 
Wastewater treatment 
Mitigation banks for wildlife 
habitat, Showcase local wetland 
plants, reclaimed water used for 
garden irrigation  
Figure 32: Stormwater detention 
ponds have winding paths that 
welcome pedestrian use. 
Image source: Robert L. France 
“Wetland Design” 
 
Key Achievents: 
Stormwater management, 
Public amenity 
Educational art and activism   44 
 
There are several key elements that need to be thought of before designing a wetland. 
Some of them have been illustrated below as notes taken from Robert France’s book.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
“Created treatment wet-
lands typically cost about 
$5000-$6000 per acre 
(12,000-66,000 per ha.) to 
build, an investment that is 
between 10-50 percent the 
cost of conventional chemi-
cal treatment facilities, with 
only about half the costs as-
sociated with long term op-
eration and management.” 
 
-Robert L. France 
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Figure 33: Rendering of a wetland design in Vintondale Pennsylvania. This old mining site now became a wetland park 
which treats the severely contaminated groundwater that exists within the soil. Flowing right to left, the water first goes 
through 6 treatment ponds surrounded by a chromatically arranged litmus garden. They then flow into 3 larger ponds 
that further filter the water until they come to the final pond, which uses the foundations of an old industrial building as 
a part of the circulation path. At the end of the system water is clean enough to swim in.  
Image Source: Stacy Levy 
 
4.2 Acid Mine Drainage & ART- Vintondale, Pennsylvania  
 
 
 
  AMD & ART was one of the first remediation projects to integrate designers, sci-
entists, engineers and in a single place, increasing the opportunity for visitors of differ-
ent interests to find the site intriguing and worthy of a second visit. Alan Comp, a his-
toric preservationist stated that “AMD&ART is now both the name of a park in Vinton-
dale and the name of an idea, a commitment to interdisciplinary work in the service of 
community aspirations to fix the environment”. In his mind, the “arts and the humani-
ties  are  absolutely  necessary  to  environmental  recovery”  (Reece,  2007).  Vintondale 
Pennsylvania is an old coal mining community with remnants of exploited landscapes 
that ooze acid mine drainage (AMD), creating a toxic environment that considered unin-
habitable by the former miners and their families. AMD is rain water that fills in the 
pockets  of  mines  containing  the  mineral  pyrite,  which  then  transform  into  extremely 
acid mine drainage that accumulates in depressions of the landscape and eventually pol-
lutes rivers. This toxic substance actually is quite beautiful, emanating yellow and orange 
colors as the manganese and the water chemically react. However, locals never looked at   46 
this  derelict  remnant  ofAmerica’s  indus-
trial past a beautiful site, not until the his-
torian  preservationist,  Allan  Comp,  came 
to the forefront with  his  visionary idea  of 
converting it into a park that could bring in 
tourism and create a better sense of pride 
for the people of Vintondale.  His ideas be-
came  possible  with  the  help  of  a  hydro-
geologist Bob Deason, Stacy Levy a sculp-
tor, and  Julie  Bargmann, a landscape  de-
signer. The concept of the park was to treat 
acid mine drainage though a method that 
adopted  the  conventional  filtration  tech-
niques  and  morphed  them  into  a  rolling 
landscape  overflowing  with  ponds  that 
changed  color  as  they  cascaded  from  one 
basin to the next.  
  In  an  interview  with  artist  Stacy 
Levy,  I  learned  that  this  park  was  called 
AMD&ART  not  because  there  were  art 
sculptures on the site but because she con-
sidered  the  park  a  giant  sculpture  that 
could be well appreciated from the hill ad-
jacent to the site. One of the primary con-
cepts behind the design was to regenerate 
this degraded site into a park where locals 
could  have  a  better  appreciation  of  their 
history. In order to do this, they incorpo-
rated compelling signage, maps and sculp-
tures that helped people visualize the min-
ers  who  originally  arrived  by  train  in  the 
early 1900’s to this part of America. A mo-
saic map and a human-scale stone-etched 
Figure 34:  Signage was throughout the treatment sys-
tem  guildes people as they travel through the site and 
gives them a better idea of the purpose behind each pond 
in  the  AMD  treatment  process.    Source: 
www.amdandart.info 
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Figure 35:  Aeration pipe is a simple, 
beautiful  piece  that  uses  a  perforated 
PVC  pipe  and  the  force  of  gravity  to 
function.    
Source: www.amdandart.info 
 
image of the miners in the 1950’s were the main attractions to locals and to seventy-five 
thousand visitors who were traveling along the Ghost Town Rail Trail.   
  The site was made up of a sequence of five filtration ponds, a chromatically orga-
nized litmus garden, and a wetland area as a terminal piece. This passive water filtration 
system  which  was  designed  in  collaboration  with  a  hydrogeologist  who  specializes  in 
AMD remediation, functions solely with potential energy from water overflowing from 
one pond to the next, starting bright orange in the first pond and changing colors as the 
pollutants become decomposed by anaerobic and aerobic processes. Levy believed that 
“Counter to chain linked, inaccessible AMD filtration systems, this landscape provides 
people with something more livable, more accessible, that celebrates this treatment and 
the fact that efforts are being made to collaborate with the environment” (appendix). The 
signage installed throughout the paths adjacent to the ponds explains to the passerby 
how the mushroom soils and anaerobic bacteria trigger reactions that successfully clean 
up the water. Throughout the entire region, former mine sites could benefit from adopt-
ing the remediation strategies used in AMD&ART, as they would get the community in-
volved and ignite interest among the younger generations. 
  Perhaps one of the most successful aspects of this 
project has been its documentation and ability to educate 
visitors  both  through  the  website  and  the  physical  site. 
The website www.amdandart.info also discusses how they 
raised funds through grants for specific aspects of the pro-
ject. For example, they post a 30 page  PDF of filled out 
forms,  letters  and  articles  that  they  used  to  apply  for  a 
$80,000 grant that they obtained from the Office of Sur-
face Mining. Often times, the greatest hindrance for these 
types of projects is the inability to get them funded, and by 
including this extremely important procedure, AMD&ART 
has  truly  succeeded  in  becoming  a  prototype  for  the 
execution of similar projects.  
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Chapter V  
Water filtration and slope stabilization using The Vetiver System 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A big component of my research has involved studying a plant that is being used for 
various kinds of green infrastructure projects throughout the world. I first encountered it 
in a monastery on the hills of Lake Amatitlan, were the nuns were using to filter the dirty 
water in tilapia fish tanks (more about this in de appendix). My research on this striking 
plant, Vetiver (Chrysopogon zizanioides), has given me a new vision as a landscape ar-
chitect and opened up great opportunities for my future, such that after graduating, I will 
be spending about 4 months in Australia and Vietnam doing research (funded by the 
DREER award) on how it is being used in constructed wetlands and slope stabilization. 
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5.1 The Vetiver System background 
 
Figure 36: Chrysopogon zizanioides with its extremely long roots. Dr. Paul Truong in the picture (left) will be my research 
mentor in Australia. Photo Credits: Vetiver System Applications – A Technical Manual   
 
  Vetiver (Chrysopogon zizanioides) is an extremely avid grass that can tolerate 
any type of harsh condition and improve it. This pioneering plant has roots that reach 4 
meters deep and is good for stabilizing slopes and removing Nitrogen and Phosphorus 
found in polluted water. It is non-invasive and its uses continue to be investigated by re-
searchers worldwide. “The Vetiver System relies on a unique tropical plant, Vetiver grass 
(Chrysopogon zizanioides), that has been proven and used in some 100 countries for soil 
and water conservation, slope stabilization, land rehabilitation, pollution control, water 
quality improvement, disaster mitigation and many other environmental applications 
that can mitigate the impact of global 
warming and climate change, particularly 
the looming food crisis in many parts of 
the developing world (…) The Vetiver 
System is easy to use, low cost and if 
applied correctly works!” (Vetiver system 
Applications – A technical Manual) 
There have been detailed studies made in 
Australia that show Vetiver’s ability to 
tolerate extremely adverse conditions, 
such as high nutrient load and heavy metals. This tall erect grass is sterile and therefore 
Figure 37: High N and P removal: Vetiver cleaned up blue-
green algae in 4 days. Photo: The Vetiver System Interna-
tional 
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Figure 38: Vetiver rafts have been used 
for pig farm waste water ponds and 
various other agricultural waste ponds 
in China and Vietnam. (Truong et al.) 
non-invasive. It has fine purple flowers and an architectural aesthetic that can be taken 
be well incorporated in landscape designs. It can also tolerate extreme temperatures, 
from -15C to 60C, as well as extreme saturation and drought. Some studies show that a 
Vetiver plant submerged in water infested with blue-green algae can reduce nitrogen lev-
els by 94%, and phosphorus by 90%. In addition, this grass can be used as a hedge to 
stabilize slopes and control erosion when planted in strips along the side of mountains 
(Trong et. al. 2006). 
 
 
5.2 Modular Wetland islands using Vetiver 
 
Vetiver is often used in hydroponic treatment of sewage 
effluent ponds. It can be planted on the edge of ponds as 
well as in rafts. This example shows how rafts were used 
to filter water in waste water ponds. There are several 
methods for creating these floating wetlands. One of 
them uses a hollow and sealed PVC pipe that is wrapped 
around a grouping of Vetiver. Another idea uses recycled 
products like crates and plastic bottles to  build the 
floating structure that holds together the grass 
(appendix).  The benefit of this system is that it allows 
the roots to have unlimited growth in the water. 
Nitrogen and Phosphorus absorption is also expedited 
because roots have direct exposure to effluents.  
 
 
 
 
 
 
 
 
 
 
Reed Beds for treating wastewater effluents using Vetiver   51 
Figure 39: Reedbed catches water from roof 
and channels it into the reedbed. It also lets in 
wastewater and lets it run subsurface, leaving 
it a level of an ideal world.  
Photo: Bali International Consulting Group   
5.3 Vetiver Reedbeds  
 
  A  horizontal  subsurface  reed  bed  can  be 
used to treat large amounts of industrial wastewater 
as well as sewage water. In reed beds, soil media is 
just as important as the plant itself as it determines 
the hydraulic retention time, and the harboring of 
microorganisms  that  aid  in  breaking  down 
pollutants. It has been determined that gravel mixed 
with  clay  is  the  most  efficient  at  cleaning  waste 
water  because  gravel  has  the  highest  hydraulic 
conductivity  due  to  its  large  pore  spaces  and 
microbial  activity  within  the  clay.  This  system 
provides some of the most cost effective methods 
for  treating  industrial  wastewater  and  removing 
organic matter, oxidizing ammonia, reducing nitrate 
and removing phosphorus.   
Some  of  the  advantages  of  using  Soil  based  reed 
bed  systems  is  that  they  require  minimal 
maintenance,  are  aesthetically  pleasing,  provide 
habitat for wildlife, produce no sludge, and are not 
noisy while in operation. (Butler, 2006) 
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Figure 40:  The edges, banks , or levees in a biore-
tention basin are planted with Vetiver Grass. 
Photos: Vetiver System Applications by Truong et al 
 
Figure 41: Swales detain water and provide habitat 
when Vetiver grasses are mixed with other species 
of native, aquatic plants.  
 
 
 
 
5.4 Vetiver grass for bioretention ponds and swales  
 
 
  Bio-retention ponds and swales are im-
portant  practices  for  trapping  and  retaining 
runoff  that  carries  pollutants  from  urban,  in-
dustrial  and  agricultural  areas.  Many  times, 
effluents  coming  from  these  areas  are  loaded 
with  nutrients  which  will  cause  algal  bloom 
and  other  weed  proliferation  in  lakes,  ponds 
and rivers. Vetiver Plantings between biofilters 
can both stabilize slopes and help filter water 
that seeps through levees.  Swales are used  in 
urban areas near impermeable sites which oth-
erwise  cannot  absorb  water  due  to  imper-
meable  pavement.  Their  purpose  is  to  catch 
runoff  water during  rain events,  keep it from 
flowing straight into the rivers and eroding the 
banks,  and  also  give  rainwater  a  chance  to 
infiltrate the soil (Truong et al 2006) 
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5.4 Urban Pollution Control using Vetiver grass in modular wetlands 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Vetiver has also proven to be exceptionally 
successful in urban environments, requiring 
little maintentance and demonstrating its 
ability to absorb pollutants into its foliage. This 
example shows an installation of a modular 
wetland which in this case was planted with 
Vetiver grass. There are two systems at play, 
first, the large solids are carried by runoff 
water into the catchbasin chamber, which can 
periodically be cleaned up. Semi filtered water 
then goes into the wetland chamber where 
pollutants are absorbed by the plants’s roots 
and runoff is oxygenated.  The water then exits 
the system through the discharge chamber.  
Average Removal efficiency (%) 
99% Total suspended solids  
22% Dissolved phosphorus 
76% Dissolved metals 
84% oil & grease 
66% Fecal Coliform 
61% E. Coli 
(Source: MSW-Linear) 
Figure 42: Installation of Modular Wetland TM: In 
Florida, a company used Vetiver because of its abil-
ity to tolerate harsh conditions and toxic water.  
Images from Suntree Technologies Inc.  
<suntreetech.com>   54 
5.5 Vegetative slope stabilization 
 
 
 
 
 
 
In order to prevent landslides or slope instabilities, in the past engineers have used rigid 
methods which are unnatural, expensive and often fail. Enginees have used methods that 
include drainage control, reducing slopes angle and slope height, retention walls, rock 
bolts, or shotcrete (sprayed concrete).  Vetiver has been used as a vegetative erosion pre-
vention method that is more easily established than other plants and other engineered 
methods. For example, “Vetiver roots are, per unit area, stronger and deeper than tree 
roots and can grow 3.6 meters in only 12 months, it has the ability hold as much soil as a 
grown tree... When planted closely together, Vetiver plants form dense hedges that re-
duce flow velocity, spread and flow and divert runoff water, creating a very effective filter 
that controls erosion.” (Truong & Tran, 2006) 
One very interesting attribute of Vetiver hedges is that when they are planted along the 
contours of a slope, the rootball will continue to protrude higher and higher from the 
ground, so as sediments get deposited behind the plant, they will not end up covering the 
plant with soil. This means that sediments on these terraces never need to be removed.  
 
     
Over time, Vetiver hedges create 
terraces which catch and dissipate 
runoff energy 
Traditional bank stabilization often 
wears out and is expensive 
Figure 43: Vetiver roots 
reinforcing this dam 
wall prevent it from 
being washed away by 
flood. Source: Vetiver 
Sytem Applications-A 
technical Reference 
Manual    55 
 
 
 
 
 
Chapter VI  
Design Strategies for a resilient, adaptable and progressive city 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This final chapter proposes a broad scale watershed management approach that com-
bines the different practices presented in this thesis and adapts them to fit the Guatema-
lan landscape.   
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6.1 Envisioning new development patterns in Guatemala City 
 
  In Guatemala City, sprawl and informal settlements are common urban growth 
patterns that do not evolve cohesively with the environment’s hydrologic, geologic and 
vegetative patterns. Although environmental impact studies have to be made for every 
new development, designs end up disrupting the topography, water systems, forests and 
buffer zones, focusing instead on exploiting every last corner of the property. They are 
driven by fast cash economies that do not offer the public a long term, economically sus-
tainable investment that would help preserve the city’s resources and forested areas. 
Very few people can come up with creative solutions that adapt well to the environment, 
provide the appropriate amenities, and embrace diverse communities where families of 
different income levels can coexist. Although there is an example of a new urbanist 
community in Guatemala that used progressive design strategies to achieve density, 
beautiful open spaces and conservation of pre-existing forests, this community did not 
actually incorporate this forest preserve as part of their original plan, but instead it be-
came the product of an advocacy group of archaeologists and religious indigenous lead-
ers who came forward an identified a part of the forest as ceremonial grounds for a na-
tive tribe.  Today this patch of forest is a charming amenity for residents of the commu-
nity and possibly the only wildlife reserve that this area would have were it all to become 
developed. The lessons learned from this example are that if indeed we want to start pre-
serving the forests and water resources that still exist throughout the city, a powerful 
zoning board needs to come to the forefront and start establishing visionary design 
guidelines and enforcing the codes, requiring every new developer to submit their plans 
for revision to architects, landscape architects, hydrologists and engineers who under-
stand the codes and decide whether the plans meet the zoning regulations. 
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6.2 STRATEGY # I: Reduce impact of new development using green infrastruc-
ture 
 
  A very important task for the zoning board is to determine how much of the site’s 
pre-development conditions need to be preserved and how much green infrastructure 
would have to be incorporated so that post-development impacts  can be minimized. For 
this part of the zoning plan, it is important to obtain some input from Guatemala’s De-
partment of Environmental Conservation, so that key forest corridors, river systems and 
habitats are identified and preserved. Many times these ecosystems exist beyond a single 
property’s boundaries, and for this reason there needs to be an overarching entity that 
can identify what these corridors are, how the hydrology of the region should work, and 
what the ideal sites for development within the property should be. In order to achieve a 
zoning plan that truly reduces environmental impact, some strategies are devised which 
are outlined below:  
 
1.  For undeveloped sites, zoning laws should promote habitat corridors, 
preservation areas and environmental impact studies. These goals can be 
obtained when more dense development is proposed, reducing the overall 
footprint of the buildings on the site. The benefits of density need to be well 
advertised, and every community should have easy access to a public or private 
park.     2.  In order to minimize runoff, parking lots and large impermeable surfaces need to 
incorporate swales, rain gardens, roof gardens or detention ponds that help hold 
a specific volume of rain water which would otherwise sheet off into rivers after a 
rain event. These green infrastructure practices are made up of soils, permeable 
layers of stones and gravel, vegetation, and adequate drainage, all of which allow 
water to infiltrate the ground and replenish the watertable. They also filter the 
heavy metals and contaminants usually found in parking lots and prevent them 
from being flushed away into the rivers without any prior treatment. If they were 
incorporated throughout the city, these best management practices could signifi-
cantly reduce the large quantities of polluted water that gets piped into the rivers, 
which in turn would lessen the erosion of gullies. This significant reduction of 
pollutants and sediments in the water would help speed up the regeneration of 
healthy water in Lake Amatitlan 
3.  Due to limited space in a dense city like Guatemala City, where there is little 
room for best management practices like swales and detention ponds, Vetiver   58 
(Chrysopogon zizanioides) should be included in their plant palette. This plant 
would reduce the amount of time that water needs to remain in these practices in 
order to be filtered, which would reduce the necessary water holding capacity of 
these practices. Chrysopogon zizanioides would also stabilize these practices so 
that they can be built in steep slopes that are inhospitable to development. Fi-
nally, Vetiver would absorb much faster and more efficiently many of the nutri-
ents and metals that would otherwise be carried by runoff into the city’s gutters 
and into the rivers.   
   
6.3 STRATEGY # II: Protect existing forests and restore riparian zones  
 
  Within the city, there are beautiful, healthy forests that have not yet been obliter-
ated thanks to steep, precarious dendritic gullies that they inhabit, which are inhospita-
ble to human development. On the other hand, there are less fortunate riparian zones 
and river edges that people have taken the liberty to occupy, knowing that there is a 
chance that their houses will be washed away in the event of a hurricane or large storm.   
In response to these concerns, the following are some recommendations both for the 
zoning board and for the city as a whole: 
1.  Protect the remaining forests that exist throughout the city and the watershed, 
especially those that are near rivers and have been identified as important habitat 
corridors for local wildlife.  
2.  Protect the river’s edges and riparian zones which are known to be flooded, and 
create disinincentives for people living close to these rivers (like flood insurance 
and impact compensation duties) 
3.  Restore riparian zones which have been eroded by the increasing flow of water. 
Use vegetated “Geo-grids” to reduce erosion, reshape banks using Vetiver System 
methods as well as the following methods proposed by the Federal Interagency 
Stream Restoration Working Group (images next page). 
4.  Wherever possible, daylight streams that have been diverted into pipes. 
5.  Restore river channels to their original winding shape.    59 
 
 
 
 
 
Figure 44: Alternating layers of live branch cuttings 
and compacted soil with geotextles wrapped around  
soil lift. This installation can be quite expensive, but it 
can be helpful for restoring very steep banks with 
higher initial flow velocities. 
 Images: Stream Corridor Restoration: Principles, 
Processes, and Practices, 10/98, by the Federal Inter-
agency Stream Restoration Working Group 
(FISRWG). 
Figure 45: Restore eroded banks by reestablishing 
gentle slopes prevalent in riparian conditions by re-
ducing steepness of banks and stabilizing them with 
specialized plants, such as Chrysopogon zizanioides.   
Figure 46: Restoring the original shape of a river to its 
winding nature can slow down the flow of water and 
allow for sediments to be deposited in the edges of a 
curved river.    60 
 
Figure 47: This map of the Lake Amatitlan Watershed shows the location of the rivers (blue) in relation to the city (black). 
The preserved forests (dark green) are mostly on the margins of the city, and the proposed restored forests (light green) 
are bordering the riparian zones of the rivers. This figure is based on an official map of the city, which does not include the 
informal settlements often seen in on the steep slopes of the gullies. The orange square marks the location for the mouth 
of the Villalobos river and the location of a potential site for a constructed wetland.  
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6.4 STRATEGY # III: Address informal settlements as part of the zoning plan  
 
  Because informal settlements are not known to have liability insurance, private 
property taxes nor can there be legal claims made against them since they already are 
illegal, they seem to be an organism of its own that needs to be dealt with separately. 
Therefore a more unique and creative strategy needs to be devised in order to address 
this informal sector of the population. Rather than getting caught in the controversial 
questions as to whether these developments should exist or not, they need to be ac-
cepted, though further expansion of them should be prevented as much as possible. For 
this reason, affordable sustainable solutions need to be taught to these people, such that 
they can reproduce these technologies themselves, and can continue being the self-
sustaining communities that they already are but at a more organized and responsible 
level. Currently, these houses have poor foundations and structures, as well as illicit ways 
of disposing their sewer and waste, usually by dumping it straight into the rivers. Some 
recommendations for this situation could be to: 
1.  Educate people living in informal settlements about using domestic disposal sys-
tems such as composing toilets, septic tanks, and reedbeds planted with Vetiver. 
2.  Provide an incentive for establishing these practices using marketing strategies 
that target informal settlements, humanitarian organizations, international aid 
and local universities who want to help but have not yet find the right project to 
get involved with. 
3.  Encourage recycling and reuse organic waste to make fertile soil.  
4.  In the long run, devise a plan for re-inventing informal settlements into resilient 
communities that stay away from the river’s edges or are adapted to flooding. 
 
 
6.5 STRATEGY # IV: Constructed wetland in Lake Amatitlan: “Vetiparque” 
 
  The mouth of Rio Villalobos originally had the shape of an alluvial fan delta 
which was covered by newly deposited sediments, colonizing plants and emerging trees 
that tolerated saturated soils. This sector was then redesigned by AMSA and converted 
into a sedimentation basin with a rigid, trapezoidal shape which was meant to catch and 
treat 172,800 m3 of water coming from the Villalobos river. Although this structure has 
become an emblem of the progress for AMSA, the pond is quickly being filled up by 
sediments and it is not as effective in cleaning up the water coming from the Villalobos   62 
River. Additionally, the pond emits strong putrefying odors, and it is not open to the 
public. As a matter of fact, none of the filtration plants that AMSA has built are accessi-
ble to the public without permission from AMSA’s headquarters.  
  Interestingly enough, the location where this river delta was situated actually be-
longs to a few nuns living across the lake who have been monitoring the efforts of AMSA 
from their monastery. They gave this government agency permission to construct this  
“solid waste retention lagoon” which sounded very promising and was going to signifi-
cantly reduce the pollution of Lake Amatitlan. More recently however, the nuns have 
been complaining about the smells the putrefying sediments emitted from the stagnant 
waters in the pond and have not really seen a significant change in the quality of the 
lake’s water. They are also disappointed about the hundreds of trees that were cut down 
in order to have this structure built.  
When I spoke to them about the idea of a 
constructed wetland which could become 
a park where people could come learn 
about water filtration, best management 
practices, responsible habits and green 
infrastructure, this idea seemed to inter-
est them quite a bit. In addition to 
filtering water and providing a habitat for 
wetland species that have been 
constantly driven out, such a wetland 
would be a great place for the children 
from the orphanage operated by the nuns 
to learn about becoming stewards of the 
environment and leaders in an 
environmental movement operated by 
people who are genuinely interested in 
restoring the city’s ability to co-inhabit 
with nature.      
 
  
 
 
 
Figure 48: The image inside the dotted orange 
square shows the property of the nuns with the 
current talked about in appendix 1) c. The flow of 
the river is shown in the orange arrow, with only a 
portion of it actually ending up in the sedimenta-
tion pond and the rest flowing south and depositing 
more sediments which have started to create a new 
delta.  The image below shows the site’s pre-
development conditions, where an alluvial fan delta 
used to exist.   63 
 
There three main design goals for this constructed wetland are:  
•  Aid in cleaning the effluents from the river and reduce lake eutrophication 
•  Educate people about sustainable practices and ecology   
•  Attract Wildlife and increase biodiversity 
 
These goals will be achieved using the following strategies within the park 
•  Design using local plants (Nympha, Typha) as well as introduced species with a 
known functionality, such as Vetiver. 
•  Incorporate the sedimentaion pond and the water treatment plant that has al-
ready been constructed by AMSA, but make them open to the public and replace 
some of the plants that they use with Chrysopogon zizanioides.   
•  Implement interactive educational programs within the park which through edu-
cation boards exposes them to vocabulary such as watershed, phosphorous, ni-
trogen, microsystin, erosion, riparian zones, habitat corridors, best management 
practices, and other green infrastructure possibilities. High illiteracy rate in Gua-
temala  makes  it  crucial  for  boards  to  be  visually  powerful  and  explain  these 
strategies through diagrams, pictures and drawings. 
•  Host workshops for recycling and sorting waste, reestablishing wildlife habitats, 
creating affordable water filtration and detention practices  
•  Encourage participation from communities throughout the watershed when con-
structing this wetland. Have a good marketing campaign that will make people 
want to contribute to the green movement against green water. This campaign 
will help Guatemalans take pride in our abundant natural resources and beauty, 
and begin looking at them as an amenity that can attract local and international 
tourism and development.  
 
 
 
 
 
 
 
 
 
Figure 49: This section shows the levee that surrounds the sedimentation pond being planted with Vetiver in order to 
increase the filtration of water as it seeps from the sedimentation pond into the lake.    64 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Flow of water   Proposed plantings   Trees cut down by AMSA   Design composite    65 
Water from the Villalobos river is di-
verted into this constructed wetland 
whose water holding volume is about the 
same as the wastewater treatment ponds 
and biofilters that AMSA constructed a 
bit further upstream, meaning that it 
would very likely also treat about 1/3 of 
the river’s discharge in the dry season. 
However, it is very likely that this system will be much more efficient at removing the 
excessive amounts of nutrients and pollutants coming from the river as it filters water 
through specialized soil media and a plant palette of wetland species that have adapted 
to harsh conditions (and also require much less maintenance). Water first gets diverted 
into a matrix of Vetiver planted berms which allow the water to flow through them, get-
ting filtered by the roots of the plants, or also flowing above the berms through weirs. 
Water then flows at a faster rate through a grouping of islands that help aerate the water 
though channels intersect with one another. The edges of these islands are planted with 
local typha to reduce erosion and filter the water. The large trees that are planted in 
these islands are Amate Trees, an enormous, slow growth species that is native to Lake 
Amatitlan. Some of the water could then flow into the nearby bay or it can keep flowing 
though a winding river, which has Vetiver planted at an area that can be flooded and be-
come a pool of filtered water. Finally, the water is diverted to the existing mouth of the 
river (which has been expanding through sediment deposits). This area will be planted 
with tightly planted rows of vetiver, which would eventually form terraces that prevent 
the sediments from further filling in the lake. The goal is for this wetland to become a 
cherished eco-tourism park for Guatemalan people, filled with boardwalks, kiosks, edu-
cational boards, camping grounds, birdwatching centers and a place where people can 
learn about the importance of treating their watershed with respect and enjoying the di-
versity of wetland species. 
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Appendix 
Interviewing passionate people 
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1) a. Interview with AMSA president at the monastery: 
“Este lago es una fosa ceptica” – This lake is a septic tank 
 
President of AMSA argues that the best way to clean up the lake would be to treat the 
source and work on the upper watershed, however, due to the large sale of the water-
shed, this is not feasible for the organization, and “all that that’s left for AMSA to do is to 
work at the end of the pipe.”  
Landscape Architect Isabel Ayau suggested using the dikes that are dispersed throughout 
the river, and to create sediment traps along the river.  
The new plan has already begun to be studied. From the bridges in the Villalobos River, 
to the mouth of the river, there are 16 kilometers, and they are going to make “obras de 
proteccion del cauce del rio Villalobos” in order to reduce the terrible amount of energy 
that the river carries. Why? Not in orde to save the lake, but to save the people living on 
the cauce, who are in grave danger. The main goal for this is to reduce the energy that the 
river carries and the erosion. One great advantage  of this project is that the lake only has 
one main entrada, and that is the Villa Lobos River. However, of the 14 tributaries that 
meet this river before entering the lake, only one of them is not a cloaca.  Why? because 
those who contaminate, do not decontaminate, and are throwing their sewage directly 
into the river. This is causing an externality, or a cost that is passed on to society, and at 
the same time it is privatizing a benefit, by people who use the commodity and then dis-
charge it into bodies of water without assuming responsibility for it.  
One example of this which was mentioned was a developer who decided to charge people 
Q2000 for throwing their sewage into the river, instead of paying maintenance for the 
existing septic tank that houses already had. (*Septic tanks also contribute to contamina-
tion, but not nearly as much as throwing domestic sewage directly into the river*) 
 
Absorption Wells:  
One technique that the Landscape Architect Ayau uses is to dig 1-2 meter deep absorp-
tion wells that interrupt the flow of runoff and allow it to infiltrate the friatic layer and to 
reduce erosion.  
President also speaks about potentially creating a documentation center where all the 
information about the lake can be collected. Then studies will not become repeted among 
different  groups  and  information  can  become  systematically  organized.  Studies  vary   68 
drastically as years go by; for example, runoff and discharge studies were made in 1997 
are no longer accurate since a lot of new ground has become impermeable.  
Park: 
Aunt had made an extensive study of la darcena site, because they wanted to create a 
park there. They had even gotten AMSA’s permission to do this. They even had an engi-
neer who would fix the road, take care of the dredged soil. Their plan was to create  a 
park that would have toboggans and people would be able to dive to a little pond nearby. 
Everything was ready to be built, and 15 days later, energia minas sent them a letter say-
ing they would not be able to do this because they lacked studies. They were going to 
make a “club” which was designed in collaboration with my two aunts. Within the site, 
they were going to have a group of orphan boys rescued from the streets of Guatemala 
city  (who  are  currently  living  in  my  aunt’s  orphanage)  who  would  become  expets  in 
learning about the park’s forests and birds. This was the objective, to make this the pur-
pose of their lives (a note on orphans in Guatemala: most of them have been rescued 
from becoming “mareros” of Guatemala city…* escribir un poco sobre esto *) The park 
had been designed down to a physical scaled model, which showed houses built on stilts, 
where the children of the orphanage would live. This dream was projected to become not 
just a dredging and cleaning site, but a beautiful park.  
Of course, this park was not meant to be just a little piece of property, there is plenty of 
property upstream that  belongs to the municipality, as well as several private  owners 
who would likely be interested in collaborating. (*she was thinking of turning this into a 
large scale natural restoration site, that reached all the way to “la cerra” where they had 
built the biofilters*). She comments that right now that AMSA has a constructed wetland 
within the site that takes up a little bit of the property, but what she dreamt of was hav-
ing the entire alluvium area where the river fluctuated become a wetland.  
Although the mayors of the different towns expressed their interest for this project, they 
later on changed their agenda. After they had submitted all the required documentation 
and expensive studies for this project, mother Ines received a call telling them that they 
were not allowed to build this because someone else had already proposed something 
here (what this means is that the entities had decided that this project would not be as 
beneficial for them as they thought, and decided to take back the confirmation they had 
given Ines). The AMSA president thought it clever to invest their funds on the watershed 
and not on the expensive structure that they currently had. Mother Ines responded that 
they need to allow this property to become self sufficient, and allow dredgers, investors   69 
and dreamers who wanted to create parks to take care of the problem (ie. get the gov-
ernment organization out of this site and allow private owners to make this park!) 
According to Ines “the project needs to be self-sufficient”   
Study on Banks of the Villalobos River:  
The president of AMSA showed us a video taking in San Miguel Petapa: Case of residents 
taking a video of immense magnitude of discharge on the river, taping the river eroding 
away the foundation  of their  homes. He  survived the impact, but not without  several 
broken bones.  
On her Power Point presentation, titled “Risk Zones” she showed false color satellite im-
age of 1988 shows homes that were located on the river’s banks. As the years went by the 
urban layer began to spread, and the different suburbs on the watershed began to merge 
with one another. 
Privatization and Remediation of Dredging:  
Originally, the process of dreging had been self sustained by a private entity who formed 
a  symbiotic  relationship  (term  coined  by  classmate  Nicholas  Petinatti)  with  the  city’s 
eroded sediments by selling them to construction companies. Although the AMSA presi-
dent did not consider the soils to be usable any more because of the imminent contami-
nation within the soil, Mother Ines explains a technique that she references from Civil 
Engineer Manuel Ayau: Dredged material gets put on a belt that transports the soil up-
wards and in the process gets aerated and significantly filtered. Dredged material gets 
deposited on a mountain that remains intact for an extended period of time. This allows 
for organisms to decompose contaminants.  
We also met the man who had been in charge of all the dredging. An interesting thing he 
mentioned was that at first they  did not manage to obtain a alicence from eneria y minas 
in order to be able to dredge. They then decided to form a partnership with AMSA and 
changed their title, from being a lucrative dredging company, to being an ecological res-
toration company. After that, they never encountered problems with government agen-
cies. However, he also mentions that the dredged material from this area is not very good 
quality. He also laments that currently, the economic situation is very bad, as formely 
they used to sell 10 truck loads of dredged materials per day, but nowadays it had nar-
rowd to just 3 per week.  
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2) First visit to AMSA Headquarters 
 
Upon my first visit to AMSA, I was first introduced to the engineer Valladares to whom I 
expressed my interest to build a wetland that treated effluents. I also expressed that I 
was very interested in learning the sort of projects that AMSA had been conducting in 
order to help clean up the lake. He then directed me to Elena from the environmental 
education department.  
 
a. Environmental Education Division  
- Elenita teacher-  
Elena is one of nine teachers 
whose  task  is  to  educate 
people  living  on  the  water-
shed  about  the  environ-
mental impacts on the lake. 
Their  program  targets  one 
county at a time (out of the 
14  counties  found  on  this 
watershed)  and  asks  the 
mayors  to  invite  different 
elementary  and  middle 
schools in the area to visit the United Nations Park where there is a lake lookout. Many 
people  living  on  the  watershed  have  never  even  seen  the  lake  before,  and  it  is  the 
teacher’s task to explain why, given their location, their county is contributing to the pol-
lution of this fresh water resource. At the Park, Elenita and the other teachers carry out a 
few activities that reveal why the lake is so polluted and what are some actions people 
can take to reduce their impact and restore the ecosystem’s health.  
Fresh water analogy:  
To give students an idea of how much fresh water there is on earth, they take a bucket 
filled  with  water  and  explain  that  out  of  the  entire  bucket,  only  two  percent,  or  one 
spoonful, is the amount of water that we can use for drinking and washing, and for this 
reason we must take care of the lake.  
Ecosystem analogy:  
Teachers of the schools are instructed to design an ecosystem on a piece of clay. After 
spending a good amount of time decorating their ecosystems, they are asked to put it in a   71 
bag and throw it to the floor. Many hesitate, but after they do they have to try to rebuild 
the  ecosystem  by  gluing  the  pieces  together.  Some  children  succeed  and  some  don’t, 
some leave big gaps and all of them leave a significant scar. This is all a perfect analogy 
to what happens to an ecosystem after we destroy it.  
Manual for School Teachers:  
The school teachers are given a manual on how to lead an environmental education cur-
riculum in their classes and provide them as well with a board game called “vuelta al 
lago” (turn around the lake) that also function as an educational tool. In the following 
months, AMSA teachers return to the schools that visited Parque Naciones Unidas and 
give continuation to the education program they started by making sure that teachers 
have been keeping up with the manual and are using the games to teach children how to 
adopt better habits.  
Social Cohesion: 
In order to target adults, Guatemala’s first lady invented a program called social cohe-
sion, where she gave away household and agricultural supplies only to people who at-
tended an environmental education program.  
Recycling Program:  
Part of their educational program was to provide recycling bins to schools, which made 
me wonder what company picked up recyclable waste in Guatemala City. She said the 
recollection was actually administrated by AMSA, and the sorted waste was then taken to 
private practitioners who dealt with it. However, she did mention that there lacked regu-
larity in picking up the recyclable garbage, which gave them no alternative than to simply 
mix it in with the regular garbage.  
The lake’s potential:  
Being the only lake  in the metropolitan  region,  this lake  could  some  day  become the 
main source of water for Guatemala City. Signs of this premonition can already be seen 
in some counties, like San Lucas and Sacatepeques, where the municipality spent a lot of 
money trying to dig wells and dug much farther than they had before but did not find any 
water. This is a sign that the watertable has already dropped in elevation severely.  
Other recommendations: 
 Don’t deposit grease into the washbasins. Use biodegradable soap. Strong focus on cre-
ating awareness among children, who are the future politicians and users of the earth.  
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Sanitary Landfill: 
Elena showed me a small model of the only formal sanitary landfill in Guatemala. This 
model consists of a glass box, with a sloping mound of mini-trash which is separated into 
in  three  chambers  that  stack  on  top  of 
each other. Each chamber is lined with an 
impermeable membrane on the bottom, a 
layer of non-recyclable waste in the mid-
dle, and a layer of earth on the top. The 
purpose of this liner is to collect landfill 
leachate  and  channel  it  to  treatment 
ponds  that  use  a  lixiviant  to  filter  the 
toxic  runoff.  As  part  of  their  recycling 
program, AMSA allows people to  collect 
recyclables from the trucks before they are thrown into the landfill. Cardboard, alumi-
num and plastics can be sold to private companies that collect the sorted material on the 
site, helping people earn up to Q200 ($25) per day, an endeavor which compared to the 
country’ minimum wage, Q52 ($6.25), makes a relatively decent living.  
 
b. Interview with biologist  
- Monica biologist -  
 
Wastewater treatment plants  
AMSA  has  constructed  two  large  scale  wastewater  treatment  plants,  renovated  five 
treatment  plants  that  were  misused,  and  is  in  the  process  of  looking  for  other  small 
treatment plants that have already been constructed but are out of use. The first large 
plant in Villa Canales, La Cerra, was supposed to treat 350 liters/second but it had to be 
reverted to treating only 50 liters per second because the main pumps were too expen-
sive to maintain. The other plant, El Frutal, was also meant to treat 350 liters/second but 
was confronted by legal issues with its neighboring developers who began to construct 
single family houses that crept up to 20 meters next to the filtration plant. This of course, 
prompted the developers to file a complaint against AMSA for having ponds that pro-
duced such fetid odor. The purpose of the two large plants was to treat the water coming 
from houses that were not in  a formalized development and were throwing their waste-
waters, untreated, into the river. Larger developments however, by law are supposed to 
have their own treatment plants but many times fail to give it the appropriate mainte-  73 
nance  and  end  up  abandoning  them.  Part  of  AMSA’s  mission  is  to  rehabilitate  these 
abandoned treatment plants, and currently, a couple of engineers (who I was to tour with 
the next day) have been working on making an inventory of all the facilities that they 
could begin to rehabilitate, depending on funding availability. The next step would then 
be to turn the plant in to the MUNI (the Guatemala City municipality) who would from 
then on be responsible for monitoring it. The irony is that many times the MUNI asks the 
wastewater treatment plants to shut down because they are not functioning according to 
the code, adding to the plethora of abandoned wastewater treatment plants.  The great-
est problem that the biologist foresaw with these private treatment plants is that none of 
them had tertiary treatment that removed Nitrogen and Phosphorus, a problem that can 
only be ameliorated with specialized plant species that absorb these nutrients into their 
foliage. The biggest obstacle to having the tertiary treatment next to the water treatment 
plants is the amount of area needed to build structures like biofilters that would effica-
ciously remove the nutrients. If there is barely enough room for the sedimentation, aera-
tion and mud digestion which is necessary for primary and secondary treatment, how 
would these condominiums have room for the long channels needed for biofiltration?  
 
Efficient stoves, solar ovens, and water heaters:  
Another project that AMSA has been taking a lead on is in the con-
struction of efficient firewood stoves which they have been giving 
away for free.  These ovens will completely remove the smoke that 
often drifts in people’s households and can cause severe damage 
the their lungs. The stove is built on a concrete foundation, with 
three layers of bricks and topped with a frame of tiles and a steel 
plate that can hold up to three pots. A smoke duct sucks the air up 
and above the house’s ceiling, removing the exposure people used 
to have to the smoke. 
AMSA is currently experimenting the technology of home built solar ovens using com-
pletely recycled materials. They also showed me a model of a solar water heater that uses 
recycled plastic bottles painted in black to heat the water within them.   
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3) Second Visit to AMSA: Vetiver & water treatment plant 
 
The  next  day  I  came  to 
AMSA  and  met  two 
engineers  (Estrada,  and 
Lopez) who were going to 
go visit a few of the private 
wastewater  treatment 
facilities  in  order  to  start 
an  inventory  of  them. 
Before they left to do that, 
I took them to see the fish 
ponds  at  the  monastery 
where they had been using 
Vetiver for filtration.  
 
 a. Vetiver Findings in the Monastery: 
•  Roots can be used to feed fish (the fish had eaten almost all the roots but the 
plant foliage thrived regardless). In fish ponds there should have been 500 fish 
per pond, but there are more than 3000, and for this reason the roots never make 
it past the crate’s lattice.  
•  Roots can grow in water but because the plant does not float, they need to be 
placed on a floating device, such as a raft so that the roots can grow into the wa-
ter.  
•  It can also grow on dry land where there is no shade, and it can tolerate extreme 
drought and floods.  
•  Slope stabilizer with its roots that can grow 4 meters. 
•  Foliage never needs to be pruned, since it has its own cycle of growth and decay. 
The leaves will look dead but once it rains they regenerate to a lush green. (A big 
problem with the plants currently being used in the biofilters is that once they 
die, they sink to the bottom of the ponds, returning the Nitrogen and Phosphorus 
loads into the water) 
•  Not invasive.   75 
 
 
Vetiver Clients from the monastery 
Maco (the monastery’s administrator)  sold some of these plants to an engineer Hugo 
Morales who is working in Lake Atitlan, west of Lake Amatitlan. This engineer took the 
plant to a lab to test its efficacy in removing nutrients, and found that its roots removed 
94% Phosphorous and 86% Nitrogen. In four hours a Vetiver Plant within a barrel will 
remove all the contaminants.   
They also had a craftsman come buy some of the foliage of the plant in order to use it for 
textiles  and  other  products.  People  in  Amatitlan  used  the  local  Typha  before,  which 
caused it to become nearly extinct in the lake. This is why locals are interested in using 
Vetiver as an alternative for their craftwork. 
Ingeniero Moran who is a developer that has been trying to implement new urbanism 
developments in the Guatemala metropolitan area, has used Vetiver for slope stabiliza-
tion and gardening in his designs. He also had a lot of erosion in the rivers next to his 
developments, and to mitigate this, he put rocks on the river banks where he also planted 
Vetiver in order to fasten the rocks to the ground.    
As for AMSA, the monastery had already donated 500 plants to them so that they could 
start their own nursery, but ironically, these engineers who were visiting the fish ponds 
and who were in charge of the biofilters had never even heard of the plant.  
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3) b.  Wastewater Treatment Plant – La Serra:  
Villa Lobos River Bed  
Our first stop was near the end of the Vil-
lalobos  river,  which  by that point had  be-
come a fifth order river that recieved water 
from the entire  watershed. AMSA  had  ca-
nalized  part  of  the  river  with  trapezoidal 
concrete foundations. The worst cities that 
deposit  the  most  pollutants  are  Villa 
Nueva, Mixco, the southern part of Guate-
mala City (which has the most industry) and Villa Canales. The 
watershed is bound in the north by the Periferico, on the west 
by  Mount  Alux  and  in  the  east  by  Santa  Catarina  Pinula. 
Further upstream, the river has all been canalized with rockfill 
for a length of 7-8 kilometers and its banks are planted with a 
grass  called  pasto  estrella  africana  (Cynodon  plectostachyus) 
which has very fibrous roots that stabilize the slopes.  
 
Primary Treatment:  
The dike that controls the flow of Rio Villalobos before enter-
ing the water treatment plant is about 12 meters wide.  Meth-
ods for controlling the flow of sediments that enter the treat-
ment system include a cast concrete trapezoid channel that ex-
tends 100 meters in front of the dike. If the level of the river 
rises, some of the water flows over the dike’s weirs, and the rest 
spills over the edge of a screening entrapment- a 4 by 3 meter 
structure that is set at one side of the banks whose function is 
to prevent floating solids from entering into the filtration sys-
tem.  Whatever  water  flows  from  underneath  the  screening 
chamber then goes through another filter screen that prevents 
large solids from entering the system. The trash that  collects 
here needs to be periodically cleaned out. During the rainy sea-
son,  most  of  the  water  does  not  even  flow  into  this  primary 
treatment  system,  instead,  it  just  flows  over  the  dike  and 
straight into the river that meets the lake. At the time I was there, it had not rained for   77 
days, but there was still quite some water flowing down the weirs. In the summer, dis-
charge is of about 1-2 cubic meters per second (cms) (1 cubic meter=1 liter), and in the 
winter discharge can be from 40 to 80 cms. When water is that high, they put an addi-
tional screen on top of the chambers in order to prevent floating solids from entering the 
system from above.  
Secondary Treatment:  
 
Water is then piped into the secondary treatment opera-
tor, which can only filter 300 liters per second, and all 
the additional flow has a bypass that returns the water 
to the river. In the winter, they close some of the cham-
bers that allow  water to enter this  system  because the 
flow does not come as concentrated, so it is not so ur-
gent that they treat it before it enters the lake. Whatever 
water does make it into the system is taken into three 
individual pumps that can process 100 liters per second 
each. However,  because  water needs to  be pumped 18 
meters high, each pump actually processes 80-82 liters 
per second, treating a little over 240 liters per second. 
This  therefore  comprises  only  24%  of  the  river’s  dis-
charge in the summer, and 0.4% of the river’s average 
discharge in the winter (Assuming the average is 60,000 
liters per second in winter time). The three pumps are 
controlled by three electric switches that can be turned 
on and off depending on the amount of water being treated. At night they don’t have that 
much flow, so they turn one of them off.  According to the engineer, there are so many 
effluents being dumped into the river by the dwellers of the watershed, that if they all 
actually treated their water, this river would be a creek that discharges no more than 10 
liters per second.  
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Tertiary Treatment – Filtration Ponds:  
There are five filtration ponds that aid 
in  the  secondary  treatment  of  water. 
The water that gets pumped up 18 me-
ters high is poured into a channel that 
flows along the shoulder of the moun-
tain  for  about  half  a  kilometer  and  is 
then  diverted  into  three  series  of  cas-
cading steps that are directed into an-
aerobic  ponds.  Each  of  the  three  an-
aerobic ponds has a  depth  of five  me-
ters and has bacteria that aids in the anaerobic processing. There is a second source of 
water that ends up in the anaerobic pools which is being carried from Villa Canales in a 
pipe  suspended  perpendicularly  across  the  Villa  Lobos  river.  This  water  is  also  put 
through a tertiary treatment system, which is called a twin de-sedimentation system and 
that removes pollutants through aeration. The water coming from this chamber gets put 
into the first anaerobic pool while the channel on the hill gets redirected into the second 
and third anaerobic channels.  The second and fourth lagoon are facultative lagoons with 
a depth of 1.5-2 meters of depth where both anaerobic and aerobic processes take place. 
The fifth lagoon is a maturation pool that is 100% aerobic and is not more than 1 meter 
deep. The flow order of water is actually from lagoons 1-2-5 and from 3-4-5 (which is not 
in tune with the original design). After the 5 pool sequence, there is a distribution chan-
nel that splits the fifth lagoon into a sequence of biofilters. The sequence is comprised of 
three batteries, each one of them distributing to the next and splitting in a sequence of 
4-8-12, making a total of 24 biofilters. Each biofilter measures 210 meters which alto-
gether compile a length of 5.4km 
 
How do we know how much water is in these biofilters? 
210m length x area of trapezoid (5.625m^2) x 24 channels =  28,350 m^3 
trapezoid area: 
height (1.5m) x [lower base width (1.5m) + upper width (5m) / 2] = 5.625 sq meters 
 
The biofilters are planted with a system that uses a local typha (tul) that is tied onto 
strings and originally only had to be replanted every 4-5 years. The problem with this 
method now is that the biofilters have attracted a great amount of wildlife, especially sea   79 
gulls, who not only eat the typha, but they also use the strings to stand on, which ends up 
snapping them apart. Another bioindicator of the health of this water is also the fact that 
they have attracted frogs, swallows, snakes, condors, ducks, iguanas, lizards, and plenty 
other species.  What they have managed to do, according to the engineer, is to imitate 
nature but in a controlled and convenient manner.  
 
Whenever there is enough typha, water pours out completely clear. However, because 
their plantantions had been severely affected by the birds, their system was not being as 
effective in removing the nitrogen and phosphorous, which explained why the water at 
the end of the treatment came out green.   
 
4) Third visit to AMSA –  Water Sampling in the lake 
 
I arrived early in the morning to the AMSA headquarters and helped pack water sam-
pling equipment into a pick up truck. A driver and assistant came along with the aquac-
ulture specialist who would be doing the sampling of the lake. We then drove down the 
highway to the lake for about 20 minutes, until we arrived to the water monitoring sta-
tion near the public park. We  were received  by  and engineer and  several people  who 
were working there on the aerators or bubblers. A boat was already set up for us and we 
took off into lake Amatitlan with all the equipment to begin sampling.  
 
Apparatus and methodology: 
Conductometer: This apparatus measures Total Dissolved solids. Must be calibrated to 
around  1.41  µS/cm  which is the amount  required for the  conductivity to be  accurate. 
These particles along with water are electric conductors. Generally the side of the lake 
where the park is has a conductivity of 800-900µS/cm, while the other side has a con-
ductivity of 400-500 µS/cm. This apparatus also determines what are the total dissolved 
solids in the water.  The rivers can have values greater than 1000µS/cm because of the 
great amount of sediments that rivers usually transport.  
 
Oximeter: Measures dissolved oxygen in milligrams per liter, and the percent of oxygen 
in water. It must be adjusted according to altitude and atmospheric pressure. The cali-
brated  value  for  oxygen  saturation  must  be  101.7%  saturation.    One  interesting  phe-
nomenon is that the current microsystin bacteria consumes up almost all the oxygen on 
the surface of the lake, so that when the Oximeter measures the first few meters of depth,   80 
the percentages actually demonstrate a 200% amount of oxygen. This occurs often in 
high temperatures. The optimum amount of oxygen that an organism must have in order 
to accept water are *** milligrams. What the microsystis does is to sequester the oxygen 
from the rest of the lake and keep it in and algae that they   
 
Potenciometer: Measures the potential of hydrogen. pH=neutral 4=acid, 10 alkaline. She 
testes the Potenciometer in three solution, and the values should be calibrated to match 
the value of the solutions.  
Potential of oxireduction 
 
She stored different water samples within three types of bottles. Samples for plankton 
were in a red bottle, Samples for physical and chemical analysis white, and samples for 
chlorophyll were brown. In order to preserve the samples for the laboratory, especially 
the one for the chlorophyll, she would add iodine-potassium and then put the bottles in 
ice.   
Some other tools included the plankton net, a formaldehyde preservative, samples at the 
three different strata layers (the epilimio, termoclina, hipolimnio, two samples of chlo-
rophyll in the brown bottles, and 1 sample of plankton plus the preservatives; 
  
Sampling: 
The type of bacteria that exist in the water and gives it its thick green color is called mi-
crosystin  and  it  has  the  characteristic  of  having  bad  smells  and  forming  colonies 
throughout the water. At the time of the year when we were there, the lake had the least 
amount of this microsystin thanks to the wind and rain of the season.  
We also did a test to find out how deep the photic zone would be. This was done by put-
ting a white rope stick with stitches drawn on it and submerging it until we no longer saw 
its tip. This demonstrated how deep light would be able to penetrate the water. For most 
of the samples, this constituted a depth of 30cm. One interesting fact is that the boat 
driver, who had been working in the lake for 11 years, said that when he first started, 
there was none of this green mycrosistin in the lake. 
Some of the things we measured when we took the samples were depth of sample, tem-
perature at that depth, conductivity, salinity, Total Dissolved Solids, Oxygen, Saturation.  
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One general Pattern that Sthefanie mentioned was seen in this area was that in February 
March April and May, (the dry season) oxygen levels were low, while in June through 
December, wind and rain aerated the water more. 
 
Hypothesizing: 
I also asked Sthefanie what would be her solution to help improve the lake, and her idea 
was to completely change the course of the river so that the effluents from the city would 
not enter the lake, and then dredging the entire bottom of the lake, where all the con-
taminants had been trapped in the sediments. Otherwise, in a serious storm event or 
high winds, the sediments in the bottom would get dispersed again.  
As we went around sampling water, Sthefanie gave me short explanation of the different 
sites. In la Bahia Playa de Oro, she mentioned that used to be one of the cleanest parts of 
the lake, but when AMSA and other lake shore owners decided to get rid of the excessive 
bloom of Nympha (water lily), they deposited the remnants of the plant in the bay. She 
hypothesized that the level of the water there had lowered because of the amount of bio-
mass that began to cover its bottom. This excessive organic material consumed the dis-
solved  oxygen  in  the  deeper  parts  of  the  bay  and  fertilized  the  microsystin  plankton 
which thrived on the surface of the lake, consuming the water’s oxygen and restricting its 
availability to just the top meter of water depth. For example, the first meter of depth 
had 16.4mg/liter Total Dissolved Oxygen, but the three meters below, the levels dropped 
to 2.14mg/liter. One thing however, was very interesting: the fact that there was no mi-
crosystin in this area  but the  oxygen levels  still  changed  drastically. She  believes this 
might be due to a brown algae that camouflages with the brown suspended sediments.  
 We then sampled to the mouth of the Villabolos River, the sedimentation pond, the cen-
ter of the west part of the lake, and the center of the east part of the lake.  
She also mentioned that several years ago there was a Japanese association, the Japa-
nese International Cooperation Agency (JICA), who had been taking a look at the pollu-
tion that industries had caused and at the Villalobos River. They wanted to privatize the 
lake and start charging industries for the amount of pollution they dumped in the lake. 
This however, did not end up happening because the Guatemalan government did not 
allow them to do so. According to the boat driver, he believes that if the JICA had been 
allowed to manage the lake, it would by now be completely clean.   
One of the main contributors to the pollution in this lake was the old electric company on 
the lakeshore, which would dump its oil into the water. It was not until 2006 that a new 
law (Decree 236-2006) was passed that obliged industries and domestic homes to clean   82 
up a certain amount of their pollutants before throwing them into the lake. However, the 
problem with this decree is that it did not specify the approved parameters or contami-
nation levels of the effluents depending on the size of the industries. Instead they made a 
very general and very vague law that has not succeeded in preventing industries from 
contaminating  as  much.  For  example,  a  textile  factory  upstream  used  basic  solutions 
with high pH in order to neutralize the acidic water that resulted from the coloring in the 
textiles. The excessive amounts of bases would many times cause the lake to have higher 
pH levels than normal.  
 
5) Stacy Levy interview – AMD&ART 
4/1/2010 
I called Stacy Levy, an environmental artist, to interview her design with three other pro-
fessionals in the AMD&ART project: 
Stacy: The cool thing about Landscape architecture is that it is bringing a lot of fields to-
gether . In order to be an effective LA you need to know los about engineering, desing, 
and lots of practicality. 
 
Question 1. How much do you try to incorporate the local community in your de-
signs in general ?  
 
DO you mean the people or the nature? 
“For people, it depends on the project where it is cited and how it is cite… It depends on 
how much support there is from the community. Im always open to that involvement but 
I don’t start with that involvement. When I go to a site I tend to respond to the natural 
processes and work on the site. If the local community knows about how much wind 
there is, how much light, what are the storm water issues, what microorganisms exist 
there etc. If there is there is a human component attached to it, which is interested, then 
I am interested in working with that too. If there is not, then I usually do not start there. 
I recently started a   rain  wall-tributary  of gutters that goes down into a  rain garden, 
called the Spring Side Rain and water wall which was working directly with the science 
and art departments of the school. They worked directly with ways to address storm wa-
ter issues. They also work with the Philadelphia Water Department and the Pennsylvania 
Horticulture Department. We were all part of a community of people that were either 
serving that area because it was in the water dept. or they were studying there because 
they were studyends or teachers. I am also working on a community in Philadelphia at   83 
the Delaware river where there is a derelict pier and that community is going to be very 
involved  in the  making  of this  project not just the design. I  have been thinking a lot 
about this community participation, and have noticed that very often the community is 
invited in at the  beginnignt o  help  with the direction the design is going to  go. Such 
meetings are very easy to organize because they are indoors, they only require paper, and 
people a lot of people ca respond to paper in words. She wants to instead have a type of 
community meeting where people come in not worrying so much about the disgn, but 
more involved with the process of making and undesrstanding the piece. This way they 
can see what it is all about, give their input and get some practical experiences of how to 
work with materials. A lot of people have never made anything in their lives.  
I am very interested in getting community involvement as a meeting and as a building 
process, which is something I am working now in a run down neighborhood in Philly, 
and there are lots of people living there that don’t know anything at all about nature, and 
she wasnts to go out there and understand the neighborhood, walk the watershd, mark 
it, show them whats living in the water, have them design their version of acquatic miro-
organism and how they eat and swim. I  find meetings very dull and with a lot of admin-
istrative strategies. As a kid you would never want to o to a meeting, so I want to figure 
out how to do community involvement. Community involvement meetings have a lot of 
eye wash, because a lot of prime stake holders are the ones that come, and then they 
check that off saying that they did hold a meeting when in fact it was just a big adminis-
trative process. I think that working out a new ray to get people involved is completely 
worth it because the model of designing meetings and having the design altered by peo-
ple who have never really been introduced to the whole thing is kind of  a worthless ad-
venture that I never take part in. However desiging an alternative type of meeting where 
people get involved with their environment can become a kind of risk because people 
might ask, why did we go down to the rivers to take samples from the river? But there is 
always going to be a handful of people who loved the experience and if one of those peo-
ple who attended the “community involvement” meeting gets triggered into microbiol-
ogy, one person out of 100, then it is hugely worth while. This is what it should be about, 
an experience that moves you around and makes you think. Designers come into these 
meetings with a whole ability to think about the design world and most people have no 
grasp of that, they don’t know how to think one way and put it into paper; you have no 
idea how trained you are to do that! Other people are trained in a myriad of ways, they 
can get things organized in a written pattern, or they get trained into thinking of priori-  84 
ties and the most essential things for their neighborhood. Visual thinking is part of train-
ing and not everyone has it, and when you go in there and try to get everyone thinking 
without any prior warming up execises, she thinks it is a bit of a disaster and that is why 
a  lot  of  community  design  meetings  become  a  muddle  of  everyone’s  desires  without 
thinking  about the  site.  These alternative meetings are not  very  clean and people get 
dirty and wet, and it gets confusing for administrators to deal with that. “ 
 
2. Do you try to use recycled or locally found materials? Does that matter? 
 
“Yes, that can be huge! Sometimes there is nothing there that is usable, but this pier pro-
ject is a very apt approach to what you are thinking about because I am about to deal 
with and entire sheet that is anywhere between 6 inches deep to 3 ft deep of concrete that 
is covering the entire site and we need to deal with how are we going to make a park out 
of this earthscape and what are we going to do with this material that a lot of it we don’t 
really want. This has become an interesting project about reusing the material that is in 
the site without overwhelming the site with the very same material. What we are trying 
to do here is not the idea of recycling exactly, which is taking something and making it 
turn into something else (there will be a component of that in the project) but how do 
you speed up the composting of things, how do you speed up erosion of the built envi-
ronment, instead of the idea that I will jackhammer this concrete,and use it as steps and 
benches and topography, how can I make the grasses take over, the shrubs take over and 
then the trees? How do you start a battle between these materials, a battle of roots and 
acid against the concrete? How can I try to harness that so  that the landscape will digest 
the hardscape over time? That is a really important tool to get a hold of, the things are 
out there but it is sort of mysterious to put it into action. I have certain ideas of what I 
think will work but I have never actually tested out: I have seen concrete being covered 
up by a collection of biomass over time, I’ve seen it break down with tree roots and ive 
seen it break apart like swiss cheese, cutting up holes into it. Im going to utilize all those 
processies that I have witnessed to see if they will work on the site so this is going to be 
an experinmental project.  Some of it will be torn up directly and then we will do  mas-
sive soil mitigation; there are going to be a lot of gradients, with places where materials 
are torn up and recycled somewhere on the site, then areas where things are torn up but 
there will be no wonderful soil there giving room to ruderal species which will have to 
make their way, and finally there will be areas farther out where concrete will only be 
partially worked into and it could get jack hammered in places and core drilled in others   85 
and then the plantings have to colonize in what is left.  For this project she is working 
with Biohabitats which is an ecological designers in Baltimore.  
Somebody told me today “ you are so lucky to know what the plants are” and I could not 
imagine what it is like looking out there and not having any idea what I was looking at 
but that is the situation with most people. They look at the world and they don’t 
know how to read it, that kind of nature illiteracy is pretty profound. And it 
is not something that you have to have in order to get by in the world, but 
boy it makes the world so much more intriguing when you do have that abil-
ity.” 
The rest of the recording was cut off, but is paraphrased in Chapter 5 where I talk about 
AMD&ART.  
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